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SEVEN POINTS OF SUPREME ADVANTAGE 
POSSESSED BY THE ""HEENAN"" AIR PURI- 
FIER HEATER & COOLER OVER OTHER 

SYSTEMS. 
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It performs with exactitude under even abnormal conditions 
of atmospheric impurity the proved biological principle that 
cdl mic:ro««organisms inimical to wort» beer and yeast are 
incapable of passing through water that is agitated and 
circulated mecdianically. 

It diflFers fundamentally from all other brewery air purifiers, 
and is the only macdiine in whicdi 100% e£Eiciency can be 
constantly maintained, as proved by results. 

It ensures the standardisation of beers in respecrt of lasting 
brilliancy and stability ; thus enhai^ng trading prestige and 
increasii^ beer sales. 

It maintains pitching yeast pure and vigorous, thus removing 
the necessity to incur the brewing risks of uncertainty atten-* 
dant on changes.^* 

It is free from inherent faults of other purifying, heatit^ and 
cooling systems. 

It is not dependent for its purifying efficiencsy on the doubtful 
use of viscous media merely possessed of variable and erratic 
adherent properties. 

It cannot be overloaded as in the case of viscous media, and 
the risk of a development of disease producing micro*»org anism s 
or their spores is thus completely obviated. 

JFor M€^TodvxA%on of m%c, _ .^otogra'phs see jilate follow%ng p, 262 . 


It will pay yon to obtain fuller particulars from the manufscturers s 

HEENAN & FROUDE, LIMITED, 
Engineers, 

WORCESTER, England. 
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Anton Petersen & Henius 

Limited 

69, Piccadilly, London, W. 1 

BREWERS’ ENGINEERS 


SUPPLIERS OF 

" UNION •• Super Filters 
"UNION” Filter-pulp 
** UNION” Automatic Rotary Pumps 
** UNION ** All Automatic Bottling^ Units 
(any capacity up to 6»000 
bottles per hour) conaprisins: 
Automatic Bottle— Oleaningr 
Installations^ Bottle-Fillers* 
P o wer- Cr o wn e r s and 
Ordinary Corkers 

" UNION ** Conveyors for all purposes 


Pasteurisers of the well-known “ PINDSTOFTE ” System 

HUNDREDS OF PLANTS WORKING 


Pneumatic Transporting Plants 

(System Hartmann) 

Glass Enamelled Steel Tanks 

and all other Brewing Appliances 


Tdeplicme s 
REGENT 2524 


LET US DESIGN AN OUTLAY FOR YOU 


Telegrams • 

"ANPENIUS, PICCY, LONDON** 
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** Commercial Success is not built up on orders, 
but on repeat orders.** 

IX IS 

the large regular orders, week in, week 
out, which have made LAEVULITSTE the 
leading Priming in the Brewing Trade. 


If not already txsers, send a p.c. for 
sample and particulars. 

LAEVULINE 

The Priming- that made Light Beer 

popular. 

TRY IT AT OUR EXPENSE FREE OF CHARGE. 


SOLE MANUFACTURERS: 

F. KENDALL & SON, Ltd. 

Stratfor d-onL- Avo n. 

Telephone : 81 STRATFOBD-ON-AVOH. 

Telegrams : ** KESITOAIX, STRATFOBX>-ON-AVON.*’ 
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THE PIQISTEER 

KERR’3 

ORIGINAL. DETERGENT 

(XRADE MARK REGISTERED) 

THE RELIABLE CLEANSER 

FOR CASKS, ALL PLANT AND UTENSILS OF THE BREWERY, SEASONING NEW 
WORK, CLEANSING BOTTLES, PUMPS, PIPES, ETC. 

Used by Leading Brewers, Aerators, Bottlers, Wine and Spirit Merchants, 
and Allied Traders m all parts of the United ICingdom 

KERR’S ORIGINAL. DETERGENT IS A POSITIVE CLEANSER. 
SWEETENER AND PURIFIER. 


MANUFACTURED SOLELY BY 

JOHN KERR, 262-272, Mathieson St., 
GLASGOW, C. 5. 

Telephone No 217 South 

TeleSvame Detergent, Glasgow*' Established over SO years 


LEROY’S COMPOSITION I 

FOR COAXmC BOILERS, STEAM PIPES I 
MASH TUNS, HOT LIQUOR TANKS, &c. I 



Prevents tke radia- 
tion of heat, saves 
fuel, and increases 
the power of steam. 

It IS reckoned the 
cost of covering is 
saved in about six 
m ontbs. 

Also used for 
covering Cold 
Liquor Pipes to 
prevent frost and 
c ondensatiott. 

£s^aUished^_1865 

Experienced Work- 
men sent to all 
parts. 


F. LEROY & Go.. Ltd. 14, Gray Street, Commercial Rd., London, E. 

AND AT MANCHESTER 
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The only Distillery 
in Glenlivet . . . 




THE GLENLIVET DISTILLERY 

(Established ^ - 1824) 


Proprietors “ 

Geoirgre & Jolin Gordon Smith 
The GJenlivet Distillery 
GLENLIVET, N.B. .. 


Sole Agents T 

The Distillers Co.» Ltd* 

12, Tozphichen Street 
EDINBURGH 




MALT REDRYING 


EUSUBK 
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MINIMUM 
MOISTURE 
PER- 
CENTAGE 
1% AND 
UNDER- 


MAKERS : 



ADVANTAGES 

HOT 

GRIST. 

LOW 

S TRIKING 
HEAT 

SOUNDER 

AND 

PULLER 

BEERS. 

PER- 

MANENT 

HEADS. 


BU RY-St!-EDM U N D8. 

Also Makers of. THE WELL-KNOWN BOBY “TWO HIGH*’ MALT MILL. 
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CHARLES PERKS & SONS, Ltd. 

Stave Importers and IMEerchants 


SPECIALITY : 

CROWN MEMEL 


AND 

Russian Oak Staves 


CHARLES PERKS & SONS, Ltd. 

THE TIMBER YARD. BURTON-ON-TRENT 


'Phone, No. 9 


Telegrams s " Porks, Merchants 


GREENS 

ECONOMISERS 

utilise the waste heat of gases from steam boilers 
at BREWERIES to EFFECT A SAVING of 
15 — 20% in the fuel consumption. 

RINGSTAY VERTICAL ECONOMISERS 

and 

TRI-TUBE HORIZONTAL ECONOMISERS 

are high-pressure machines. 

Write for Brewery Booklet to • — 

E. GREEN Gf SON L'^WAKEFIELD 
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Tdeplione Nos. a Tel^raphlc Address a 

KINOSXON 1045 8c 1046. ••BOTItVXIS, KXNGSXON-ON-XBCAMES.’* 

THE VINE PRODUCTS, LTD. 


TO BREWERS WITH WINE DEPARTMENTS 


BRITISH FERMENTED GRAPE JUIGEWINES 


Have YOU given this branch of the trade the con- 
sideration its importance warrants ? 

By merit alone, without public advertisement, these 
Wines to-day constitute a large percentage of the total 
Wine Trade of the United Kingdom. 

What better merits can an article possess, from your 
viewpoint, than absolute purity, the fa'vour of the con- 
sumer ^ and a good margin of profit. 

If you sell moderately priced Wines at all, ours will 
be suitable for at least some portion of your trade. 
Their reliability is evidenced by a quarter of a century 
of iminterrupted progress. 

Bach Wine holds the Certificate of the Examining Board 
of the Incorporated Institute of Hygiene as fulfilling their 
standard of quality and merit. 

The following is an extract from their report : 

The alcohol is produced naturally by the fermenta- 
“ tion of Grape Juice. They are manufactured in 
an up-to-date Hygienic Factory under strict con- 
** ditions of cleanliness. The whole range may be 
“ accepted as trustworthy and genuine, and we are 
** able fully to substantiate the claims of the manu- 
factur^rs as to their constitution and freedom from 
adulterants and preservatives.’’ 


VARIETIES. 

Ruby Sweet, full and medium. "White Sweet, full and medium. 
Sherry Type. White IDry. Ginger, Orange, Raisin, Elder and 
other old style British Wines. British Pharmacopoeia and other 

hledicated Wines. 


Samples and Quotations at your request* 


IVe aUo have an extensive range of Australian Sweet IVmes in Bond* 


V. P. WINERY, KINGSTON-ON-THAMES 
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CARTY’S KAURI PINE FERMENTING VESSELS 




Mad« £rom GENUINE NEW ZEALAND KAURI PINE, which i> without doubt the 
most suite hl« Timber for Fermenting Vessels. 

It must not, however, be confounded with MCantri JRin^ or that irrown in 

A.wttrotia, both of wldch are porous and otherwise unfit for fermentma; work. 

CARTY & SON, LTD., Vat & Backmakers 

HARDERS ROAD, PECKHAM. EONDON, S.E.1S. 


nPTTT TTGRAhlS : — “ Ross-hdackenzle, Worcester ** 

J. ROSS-MACICENZIE 

F.G.S., F.R.2^1c.S. 

(By appointment Teacher of Brewing for Examinations Department of Technology, 
City and Guilds of London Institute, Hors-de-Concours Diplomd of honour in 
Brewing) Scientific and Technical Editor The Brewer and Wine Merchant and 

Brewers* Guardian,” London 

Consulting Practical and Scientific 
Brewer and Maltster 

EXPESRIENTCIE acquired m Breweries and Malting worktner under widelv varying conditions. 

for Home and Export Trade, in England, Scotland and Wales 
CONSULTATIONS by correspondence, in Worcester, or at Clients' Breweries, Bottlcrics or 
Actings, upon oil questions of difhculty, to secure inamumty from irregularities With 
emciency and economy 

ANALYSIS of Brewing Materials, Beezs, &c , undertaken 

RBFBKEN OE S to British, Colonial and Continental Brewers and Maltsters 

TERMS ON A.PPEICATION 

THREE PUPIX-S ONLY RECEIVED for mstniction in Brewing, M alting 
Analysis and Laboratory work and preparation for City & Guilds of London 
Institute Examinations, and others. 

DISXXNOXJISHE^ AWARDS Obta in ed, by Pupils : Five First Prizes and Silver 
Medals in BConours ; Seven Second Prizes and Bronze Medals In Honours* 

THOROUGH TRAINING IN MODERN METHODS GUARANTEED 

ADDRESS : — 

WORCESTER BREWERY & MALTINGS 

WORCESTER 
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LONDON 

DICKSOMS 

“SPEClAi:' 


•ERMANIENT TRADE MARK' 

A SPECIALITY 


DICKSON 

SOUTH BERMONDSEY 
SE i6 

Telephone: New Cross 1645 
Telegraphic Address 
“ FACIALIUM, LONDON »» 


“ THE ” BREWERS’ 
OUTDOOR ADVERTISEMENT 

FOR ECONOMY AND EFFICIENCY 
SUPERSEDES PAINTED PANELS AND SIGNBOARDS 

SLATE, GLASS & GOLD 

ALL IMPERISHABLE 

ORIGINAL And ONLY MAKER IN THE KINGDOM 
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PURE ESSENTIAL OIL OF HOP 

Our numerous clients, all over the United TCingdom and 
abroad, have found by years of experience that by using our 
Hop Oils, either No. i or No. a, they are able to produce 
both Bottled and Draught Ales, which the general public 
prefer to the Dry Hopped Ales. 

In consequence of using our Hop Oils, our regular clients 
have considerably increased their sales, and to such an extent 
that it would now be impossible to do without our Hop Oils. 

REPLA.CES HOPS FOR DRY HOPPING 

Easy to toe and c<mtmmicates msiantly to the finished beer a full Hop flavour and aroma 

GUARANTEED ABSOLUTELY PURE 

GENUINE HOP CONCENTRATE 

Guaranteed to be made from Hops of Choice Quality and 
from Hops only. Not a Hop Substitute. 

I lb. Hop Concentrate = 12 lb. of Choicest English Hops. 
It possesses high preservative value. The preservative power 
is 1,250 to x,6oo by direct Biological method, as compared with 
80 to 100 for Choicest Quality New English Hops. 

No modification of ordinary brewing procedure. 

No injimous effect on the yeast. 

Keeps indefinitely without cold storage. 

HOP EXTRACT 

For non-alcoholic beverages. It contains the bittering and 
flavouring properties of the Hop. A .11 that is necessary is to 
add the Extract to the Wort in the boiling copper. 

FLAKED MALTS: MAIZE RICE 


Among the advantages of a technical character attaching to the 
use of these materials are increased stability, improved fining, 
and greater brilliancy of the flnished beers stand out prominently, 
as well as a considerable saving in cost of production. 


Thatr use does not necessitate any alteration of plmt or procedure 


Prtces, Samples and further particulars on application to 

WHITE, TOMKINS & COURAGE! 


Head Office : 48, MARK LANE, LONDON, E.C. s!" 

Ai»d .t Uvwpool. Bortm. lUiKsta. BdWut. TuidriMM ud Templ«moyI.. 

Telephone 
Royal 19^0 (3 lines) 


Tdegrams 
“Torrefied, Pen, London*' (a words) 


EstaUisbed 1841 


Zl 
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SINCE 
THE LAST 
EDITION OF 
THIS WORK, 

a new material has become available for the construction 
of Brewing Plant, possessing advantages long sought 
after by modem brewers, viz., absolute neutrality to 
beer and yeast, and capable of construction entirely 
free from rivets and seams. It is reasonable in cost, 
and we refer, of course, to Aluminium. 

Although it has only been on the market 1 5 years, over 
4,000,000 barrds of beer are fermented annually in 
Aluminium vessels, besides which many hundreds of 
yeast vessels and wagons are in use, and beer storage 
tanks for pressure are now used on a very large scede. 

The Aluminium Plant & Vessel Company, Ltd., 

W^andsworth, London, S.W^. 1 8, will be glad to forward 
to any brewer ftdl particulars of their manufactures, 
which, owing to the rapid growth of their business, are 
no longer confined only to Aluminium vessels, but include 
Wort Refrigerators, Yeast Collecting and Pressing 
Apparatus, Rousers, Quick Chillers, Air Compressing 
Plant, etc. 




Alumtnium Ferment%ng Vessels 
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Altansmum Condttiomng V^seJs, 



A STANDARD MANUAL OF 

BREWING AND MALTING 

AND 

LABORATORY COMPANION 

A Practical Guide to the Art and Science 
of Brewing and Malting, and to the 
Physical and Chemical Evaluation of the 
Materials employed in these Industries 

Being a thoroughly revised and con- 
siderably augmented worky based 
on A Handy Book jor Brewers” 
by H, E. Wright, M.A., embracing 
the conclusions of modem research 


BY 

JOHN ROSS -MACKENZIE, F.C.S., f.r.Mic.S 

Scientific and Technical Editor, Bretoera* Quardian^ London 



LONDON 

"tthe technical press ltd 

5 AVE MARIA LANE, LUDOATS HILL, E,C 4 


1927 
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I MONTANIN I 

= (Trad* Murk) = 


POWERFUL SAFE ODOURLESS 


A Permanent Preservative, Sterilizer 
and Hardeningr A^ent for W^ooden 
Vessels, Casks and Walls 

"No Enamelling 'Fleeded, 

A Lasting and Perfect Cure for 
Damp and Mouldy W'alls 

Easily Applied 

Ukryl Preservative for all Beers 
UKAZONE Cleanser and Steri- 
lizer, universally employed 

UKALINE YEAST FOOD 
CARMOSE Ideal Stout Caramel 
COLORING CARAMEL 

Highest Coloring Power 
ENZONE PRIMINGS 
LIQUID INVERT U.K. BRAND 
GOLD MEDAL FININGS 
KALIUM-META-SULPHITE 
ALL SUNDRIES 


Samples and Prices on Application 


1 W. A. WAYLAND & Co., Ltd. I 

U.K. Works, Gosterwood Street, DEPTFORD, 

^ And at KtUSSELS London, S£,8. ^ 

^iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuttfflntirnmiiinMiiiiiiinniiiiHiimiwiwin^ 
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PREFACE 


Mr. H- E. Wright, wlio died m 1907, was a member of that small but 
intensely enthusiastic band of pioneers who, during the later decades 
of the nineteentli ceShtuxy, by their strenuous and maintained edBEorts 
applied devotedly to the realisation of ideals, albeit not yet fully achieved, 
raised the brewing industry from the slough of empiricism through which 
it was then groping to the light shed from a better understanding of the 
fundamental scientific principles underlying and governing the various 
chemical and technical processes in connection with the manufacture of 
malt and beer. 

But in the vast amount of scientific research which has identified that 
period as the most notable epoch in the history of brewdng, Wright enjoyed 
advantages over the majority of his confreres in that, while he possessed 
a sound and extensive knowledge of contemporary science, he was also a 
trained brewer and maltster, and was thus in a position to apply upon a 
large scale his own theories together with those enunciated by eminent 
men of science ot that age w^ho had given the problems of the maltster and 
brewer their most zealous study and serious consideration. 

Wright was a fairly prolific writer, and his contributions to brewing 
literature continued veritably to the day of his death, which occurred 
twenty years ago, while the final proofs of his Handy Book for Brewers ” 
lay ready for correction. 

The present author regards it as an honour that he should be privileged 
to modernise and to augment considerably the wrork of Wright from the 
point at which it was discontinued when his labours ceased under the 
circumstances alluded to. 

Every endeavour has been made, and no effort spared or questions of 
cost considered, to present to brewers and brewrng students generally a 
work of so complete and comprehensive a character as, it is hoped, to 
justify' the all-embracive title adopted. It will be found that each subject 
is dealt with in a manner commensurate with what is believed to be its 
scientific and technical importance, 

I have to acknowledge with a deep sense of gratitude my indebtedness 
to the Publishers of the Sretver and Wine Merchant and JBreioers^ Guar- 
dian for being permitted to reproduce excerpts from recent articles 
published in that journal from my pen ; to Charles E, Sutcliffe, Esq., of 

B.K. XVI 
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PREFACE 


Mirfield, for his contribution of what 1 regard as <>n<*.of the, nifwt informa- 
tive and exhaustive tables so far published on the im})ortJinl. snl>j<»ct 
Foreign Barley ; to F. A. Mason, Esq., Director of the Bureau of Bi«>- 
Technology, Leeds, and of Messrs. Murphy & Bon, Lt<L, for Ids a<hniral>hi 
and lucid explanation of the Hydrogen Ton theory or pi I values; to 
Egbert WilMiere,A.M.I.Mech.E., of Birmingham, forhis clear <lescripi.ion of 
modern milling methods and Malt Mills ; to Messrs. John Morris «!!: Bon, 
of Burton-on-Trent, for the valuable information furnish<‘<l with rt'gard 
to the rates of pay in the cooperage trade at Burton-on-Trent ami other 
brewing centres of importance; and to The Tint,oin<*l.er, ljt.<l , for par- 
ticulars as to the fimctions and the correct application of th<‘ Tinf.ometer 
in the brewery and maltmgs. 

J . ROBB-M A( )K ENZI E 

'WORCBSTXSR 
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-5 HYDROMETERS, SACCHAROMETERS, 
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PURE WATER 
SUPPLIES 


FROM 


ARTESIAN TUBE WELLS 



PxnvipiNo 100,000 Gallons per Hour by Air-Liit Plant af a I.auof 

Factory in Kent. 

B reweries in many parts of the country derive 
their own Water Supplies from Artesian Wells 
bored and equipped by 

LE GRAND, SUTCLIFF & CELL, LTD. 
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A STANDARD MANUAL OF 
BREWING AND MALTING 

C5HAPTER I 
INTRODUCTORY * 

Notes ok Ckemicali Ceakoes — Otjtline of Processes of Brewiko — ^Maltiko — 
Tvr A RTTT-w n. (Infijsiok, IDecoctiok, akd LiEviited Becoctiok) — ^Fbbmbktatiok 
(Oleaksiko, Setmmiko^ Yorkshzre Stoke Squares, etc.) — ^Baceikci — ^Pinikg 
StORIKO ATTIKG. 

A Grain of barley contains, in addition to the busk and germ of tbe 
young plant, a considerable quantity of starcb and proteins. Tbe cbief 
nitrogenous constituents are complex substances fo rm i ng a group to wbicb 
at various times di£Eerent names bave been applied, sucb as albumens, 
albuminoids, nitrogenous matters. Tbe class name now generally adopted 
is protein,’" tbe terms albumen ” and albuminoids ” being employed 
to designate certain sub-groups. Altogether more than 50 proteins are 
known, which differ from one another in physical and chemical properties. 
The starch being mostly insoluble at ordinary mashing temperatures^ and 
the proteins of unmalted grain bemg also, to a great extent, insoluble, 
and therefore inactive (in the brewer’s sense of the word), one principal 
object of the malting process is to break up and render soluble at those 
temperatures as much of the valuable starch as possible, and a sufficient 
amount of the proteins. 

Among the soluble albuminoids is a body — or group of bodies — called, 
for convenience’ sake. Diastase, vrhich, upon the malt being mixed m the 
mash-tun with water of a suitable temperature, attacks its soluble starch, 
and converts it into a gummy body called Dextrin, Ifflalto-Dextrizis, and 
lUaltose, or malt-sugar. And the longer this infusion is allowed to con- 
tinue at suitable temperatures the low^er, wdthin certain limits, will be 
in point of fermentabihty the type of nialto-dextrins, and the larger the 
proportion of maltose will there be contained in the resultmg wort 

The maltose afterwards becomes reduced to dextrose by the enzyme 
Maltase,” adfter which, by the action of another enzyme, ** Zymase,'’ 
contained within the yeast, the dextrose is reduced to alcohol and carbonic 
acid gas. [Other transformation products, it is true, are formed con- 
currently, but these may be neglected till a later suage, the object b eing 

* Ocoasional references to a Glossary will be found in the text ; but tbe book 

was in type it was decided to omit that feature, on account of tbe size to wbicb tbe work 
^d attained. 
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now meroly to indioato Hho broad goiwnvl j)rinoipU*s upon wlucb tlio 
maltster’s and, after Mm, tlie brewer’s art ropoww. \ 

It is obvious that the prosonce of a cojwtituerit, luiderguing formoiita- 
tion slowly, and slowly evolving oarboinc ae.ul gas coneurrtintly with a 
production of alcohol, is an important factor in tbe mauufatsturo of a boor 
which is required to be in oontinuonsly good “ condition,” and one that 
will cany a firm and permanent “ head.” 

Malto-Dexfarin (or Amyloin) Theory. — ^According to this theory, malLo- 
dextrins are chomioal compounds — not mere mvMurcn- of irialtowi and 
dextrin formed in malt-wort in proportions vary ing with tlK» tpiality of 
the malt of the brewing liquor, or with the system of niashing adopted, 
and it is thoir abundance or comparative absence wiuoli dett'rmincs the 
full body (and subsequent “ condition ”) or the thinnc'ss of a l)eci . Ac-conl- 
ing to tie holders of tliis theory, tho jVee dextrin in wort is an almost 
uniformly constant quantity ; it is only the proport ion combnu^l .is inalto- 
dextrin which varies. If it be true that this lixed proportion of dextrin 
alone would not suf&ce to prevent an oxocssivts “ attenuatiiou ” of the boor 
(4.6., tlie retention of so small a quantity of nnfennented mutter that llio 
liquid would nob he beer at all in tlio actual sense of the word), and tiuit 
“ free ” dextrin is (as the malto-doxtrin theorists assort) so stuliliorn .-is 
regards after-fennentation that tho quantity i>rcsenb at tho time of 
racking would be found practically unchanged at tho end of some months’ 
storage, then the impoitanoe of malto-doxtiins cannot ho ovturated. Wo 
shall refer to them again at tho end of this ohai>tcr ni connection witii the 
secondary or complomontary fermentation in cask, and hope to iIimI witli 
the subject more fully at a more advanct'd stage 

Though the terms “ Amyloin ” and “ A 1 alto-<h‘xtnii ” are fresh 
instances of the regrettable tendency to enlarge the scicntiliii vixsahul.ary, 
the existence of such bodies will certainly help to throw light oi' certain 
phenomena of fermentation othonme rather obscure. 

Dextrin or the Dextrins. — It is now rooogniscd that th<‘n* an' various 
dextrins which are colloidal amorphous conqiuunds incapable of forming 
characteristic derivatives. They arc soluble in water uiuJ jU'ceipitated by 
alcohol. The dextrm isolated from a starch coiivi'rsioii stopped at a 
stage which gives a deep brownish-rod coloration with iodine is termed 
exythro-dextim. At a later stage iodine ccasas to give a coloration, and 
the dextrin present is termed achro-dextriu. These clextrins Jiave little 
or no cupno-reduoing action, this point being still uiirlccidcd. (lenorally 
speaking, however, dextrins with the higher molocular weights arc not 
so readily attacked by the various yeasts as tliose with lower. Dextrins 
are also formed by the action of hot dilute mineral aci<ls, or of heat alone, 
on starch. The final product in this case is dextrose insUnid of maltose. 
These methods are used for the oommoroial preparation of <lcxtrin. 

Peptase. — Another of the soluble ferments (among which diaataso 
ranks), or unorganised ferments, as they are somotimos rather uuhai>pily 
called, in contradistinction to the organised ferments yeast and its 
congeners, is peptase, which, though brought into hoing during tho 
malting process, lies mainly, if not entirety, dormant until suitable 
conditions, such as tliose of the mash-tun, stimulate it into activity. To 
w^t ex^t its most favourable sphere of action differs from tliat of 
diastase is a question which must be deferred to a lator chapter, tho only 
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thing now necessaocy to be said being that its function is to convert the 
unaltered protein bodies or albuminoids into peptones, which are 
apparently — thou^ we do not feel convinced that the action of peptase 
is so well understood as that of diastase — of the highest importance in 
nouri shin g and keeping up the vigoiu and vitality of the yeast owing to 
their difEusibility — i.e., their power of passing throxigh the enclosmg 
membrane or ceU-waU of the yeast, a power which the rmaltered protein 
bodies, even when soluble, do not possess. 

Amid^. — These stiU more advanced products of protein, conversion 
are held to be even more important for yeast nutrition than peptones. 
The general view is that, m the main, the products of proteolysis, a 
converting action upon the proteins of barley, are during malting amideSt 
and during mashing p&ptones. It is held that in “ forced malt ” (malt 
driven to grow by the stimuli of abnormal warmth and moisture), amides 
are produced in excess, while on the other hand the high temperatmes of 
the British mash-tun are unfavourable to peptonisation, for which those 
of the decoction mash (v. p. 18) are more helpful. 

Protein bodies were, and still are dreaded in many quarters, but 
evidence accumulates that if the right type of product be obtained they 
may be useful. Thus peptones and albumose, a less advanced conversion 
product, are considered factors in palate-fulness, head-retention, and 
“condition” of beer. However t.bia may be, the maltster’s aim ^ould 
be to get barleys rich in starch and such as have undergone xnatniation, 
which, though dependent on ripeness, neither premature nor unduly 
delayed, is a post-ripenmg process helped by shght moisture after ripening, 
combined with air (oxygenation) and other drying influences, and 
evidenced by “ mealmess ” of grain. 

Given proper access, diastase is capable of converting 2,000 times its 
weight of starch mto maltose and dextrm ; some say of transforming 
10,000 times its own weight ; * and there is even an opimon of authority 
that the smallest quantity of the said diastase, unchangmg itself, is 
theoretically capable of convertmg any quantity of starch, if only time 
be given We say theoretically, because m practical brewmg operations 
there is always a limit of time which cannot be overpassed , but it may 
be taken as certain that insufficient conversion of the starch into maltose, 
the malto-dextrms, and dextrm is never caused by insufficiency of diastase 
but solely by conditions unfavourable to the activity of that agent — ^viz., 
either unsmtable mashmg heats — of w'hich more anon ; or such a physical 
arrangement of the starch itself (as in malt made from unkindly barley, 
badly grown and badly kiln-dned) that the diastase is unable to get at 
it thoroughly ; or, finally, such a high degree of acidity (anything 
approaching ^%) of the medium, that diastase would be coagulated, and 
so rendered inert. 

It has seemed in accordance with the scope of this book which aims 
at supplementing rather than supplanting practical teachmg in the 
brewery, to set down at the outset the ABC which really lies at the root 
of tbft matter, and which may perhaps be called scientific, to distinguish 
it from that “ rule of thumb ” that has done such yeoman’s service in its 

* Bubrnnfant said 150,000 times ; but be was referring to a portion of the nitrc^neous 
matter which he wished to call “ Malrine ” (possibly the active part of diastase, but at 
any rate much less m quantity than diastase would m estimated at). 
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now mearoly to indicate tlxo broad general priiu*ij)U*M upon which the 
malister’s and, after him, the brower’a art inpoatis.j 

It is obvious that the presence of a conHtituent, undergoing formoiita- 
tion slowly, and slowly evolving carbonic aci<i gas ooncurrtsntly v'itli a 
production of alcohol, is an impoi'tant ftustor in the manufacture of a beer 
which is required to be in continuously good “ condition,” and one that 
will carry a firm and permanent hesuL” 

Mnlto-Destcin (or Amyloin) Theory. — ^Acconling to this tlu^ory, nialto- 
dextrins ajce chcmioal compounds — not more vvixtures - of maltos(i and 
dextrin formed in malt-wojt in proportions Viirying xvith tho quality of 
the malt of the brewing liquor, or witli the system of mashing lulopted, 
and it is their abundance or comparative absence which dcUn-miiu's the 
fall body (and subsequent ” condition ”) or tho thinn<‘Hs of a I)<*(‘r. Ace-onl- 
ing to tile holders of this theory, tho Jree dextrin in wort is an almost 
uniformly constant quantity ; it is only the proportion combined jis iiialto- 
dextrin which varies. If it bo true that this fixed proportion of d(‘xtrin 
alone would not suffice to prevent an oxoossive “ atlieniialion ” of tlu» beer 
{i.e., the retention of so small a quantity of unferment(‘d niuiUtr that the 
liquid would nob bo beer at all in tho actual sense of the word), and th.it 
“ &ee ” dextrin is (as the malto-dcxtrin tlu^orists assert) so stubborn as 
regards after-fermentation that tlio quantity present at tho time of 
racking would he found practically uncliaugod at the end of some months’ 
storage, then the importance of malto-doxtrins cannot lie overrated. Wo 
shall refer to them agam at the end of this chapter in coniu'ction w itli the 
secondary or complementary fermentation in cask, and hoiio to dixil witli 
the subject more fully at a more advanced stage. 

Though the terms “ Amyloni ” and “ Malto-dextriu ” are fresh 
instances of the regrettable tendency to enlarge tho scientilic voeahulary, 
the existence ol such bodies will certainly iiolp to tlirow liglit on certain 
phenomena of fermentation otherwise rather oliscui'c. 

Dextrin or the Dextrins. — It is now rooogmsed tliat tiierc are various 
dextrins which are colloidal amorphous compounds mca]ial)le of forming 
oharaoteristio derivatives. They are soluble in water mid precipitated liy 
alcohol. The dextrm isolated from a starch couvei-sion stopjied at a 
stage w’hioh gives a deep brownish-red coloration witli ioiline is termed 
erythro-dextrin. At a later stage iodine ceases to give a coloration, and 
the dextrin present is termed achro-dextrin. Tlicso dextrins have little 
or no cupric-reducing action, this point being still undecided. Oenerally 
speaking, however, dextrins with the higher molecular weights arc not 
so readily attacked by the various yeasts as those with lower. Dextrins 
are also formed by the action of hot dilute mineral acids, or of lioat alone, 
on starch. The final product in this caae is dextrose instead of maltose. 
These methods are used for the commercial preparation of dextrin. 

Peptase. — Another of the soluble ferments (among whioli diastase 
ranks), or unoiganised ferments, as they are sometimes rather unhappily 
called, in contradistinction to the organised ferments yeast and its 
congeners, is peptase, which, though brou^t into being during the 
maltiDg process, lies mainly, if not entirely, dormant imf.il suitable 
conditions, such as those of the mash-tun, stimulate it into activity. To 
what extent its most favourable sphere of action differs from tihat of 
diastase is a question which must be deferred to a later chapter, tho only 
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thizig now necessary to be said being that its function is to convert the 
unaltered protein bodies or albuminoids into peptones, which are 
apparently — ^though we do not feel convinced that the action of peptase 
is so well understood as that of diastase — of the highest importance in 
notuishing and keeping up the vigour and vitahty of the yeast owing to 
their diffusibility — i.e., their power of passmg through the enclosing 
membrane or ceU-waU of the yeast, a power which the unaltered protein 
bodies, even when soluble, do not possess. 

Amides. — These still more advanced products of protein conversion 
are held to be even more important for yeast nutrition than peptones. 
The general view is that, in the main, the products of proteolysis, a 
converting action upon the protems of barley, are during malting amides, 
and during mashing peptones It is held that in “ forced malt ” (malt 
driven to grow by the stimuli of abnormal warmth and moisture), amides 
are produced in excess, while on the other hand the high temperatures of 
the British mash-tun are unfavourable to peptonisation, for which those 
of the decoction mash (v. p. 18) are more helpful. 

Protein bodies were, and still are dreaded in many quarters, but 
evidence accumulates that if the right type of product be obtained they 
may be useful. Thus peptones and albumose, a less advanced conversion 
product, are considered factors in palate-fulness, head-retention, and 
“ condition ” of beer. However this may be, the maltster’s aim ^ould 
be to get barleys rich in starch and such as have undergone maturation, 
which, though dependent on ripeness, neither premature nor unduly 
delayed, is a post-npening process helped by slight moisture after ripening, 
combined with air (oxygenation) and other drying influences, and 
evidenced by “ mealmess ” of gram 

Given proper access, diastase is capable of converting 2,000 times its 
weight of starch into maltose and dextnn , some say of transfo rming 
10,000 times its own weight , * and there is even an opinion of authority 
that the smallest quantity of the said diastase, unchanging itself, is 
theoretically capable of convertmg any quantity of starch, if only time 
be given. We say theoretically, because in practical brewmg operations 
there is always a limit of time which cannot be overpassed ; but it may 
be taken as certam that insufhcient conversion of the starch into maltose, 
the malto-dextnns, and dextnn is never caused by insufficiency of diastase 
but solely by conditions unfavourable to the activity of that agent — ^viz., 
either unsuitable m ashing heats — of w’hioh more anon ; or such a ph 37 aical 
arrangement of the starch itself (as in malt made from unkmdly barley, 
badly grown and badly kiln-dned) that the diastase is unable to get at 
it thoroughly ; or, finally, such a high degree of acidity (anything 
approachmg i%) of the medium, that diastase would be coagulated, and 
so rendered inert. 

.It has seemed in accordance with the scope of this book which aims 
at supplementing rather than supplanting practical teaching in the 
brewery, to set down at the outset the ABO which really lies at the root 
of the matter, and which may perhaps be called scientific, to distinguish 
it from that " irule of thumb ” that has done such yeoman’s service m its 

* Dubnmfaut said 150,000 times ; but be was referring to a portion of the nitrogeneous 
matter whiohi he wished to caJl “ Maltine (possibly the active part of diastase, but at 
any rate much less in quantity than diastase would be estimated at}« 
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time, but which is, at this time of day, hardly up to the level of lequixe- 
meuts. The begiimer, who has perused the foregoing pages carefully, 
will now, the writers hope, be m a position, whilst running through the 
summary sketch of malting and brewing that occupies the rest of this 
chapter, to read a little between the hues,” and sec to some extent how 
this ABO comes in as a guide to practice. 

Some Practical Aspects of Modem Maliu^. — ^In the successful and 
economical management of maltings it is absolutely essential that a 
tabulated record should be maintained of every detail of working, from 
the steeping stage untU the concluding process when the cured malt is 
unloaded. It is necessary to observe that the floors arc fully occupied, 
but never overcrowded, with “ pieces ” imdergoing various degrees of 
floor-working, and that directly a kiln is emptied of its load, the next 
succeeding steep is sufficiently withered to permit of its being loaded to 
kiln without loss of time. One of the prmoipal attributes of a successful 
maltster is that he is fully endowed with the faculty of judgment and 
foresight. Following the principle of leaving undone to-day what can be 
postponed xintil to-morrow, always leads to confusion and ultunatc 
disaster when this doctrine is applied to maltings. Unless a maltster 
contmuously surveys what the probable conditions will bo days, indeed 
weeks, ahead in the not unlikely event of a nse m almosphenc temperatures, 
he may find that the floors are congested, with no unoccupied area upon 
which to reduce the depth of the pieces. Turning for an outlet to relieve 
this state of overcrowding, which inevitably results m an increase in .the 
temperature of the grain and forcing conditions, the maltster may find 
on the one hand, that a kiln may not be available for loadmg or on the 
other hand that the withering pieces arc not sufficiently advanced in that 
final floor process. It is true that some maltsters claim that they can 
follow a “ wettmg ” from steep to kiln and state the age of a piece at any 
stage of manufacture, and the total quantity of sprinkluig liquor which 
has been added, but with due respect to the unusual ability displayed by 
such craftsmen we assert that there are too many factors operating to 
upset all our calculations for preciseness and exactitude m the working 
of a modem malthousc, and we repeat that the daily recording is an 
essential equipment to maintam the floors and kiln, fuUy occupied and the 
labour fully employed. Should a kiln floor, through lack of foresight or 
omitting to maintain a record, remain empty when it should be in com- 
mission, and this occurs at mtervals m the course of a season, then fuel 
costs become unnecessarily high. Of course, m the early autumn and 
late spring, the higher atmospheno temperatures then prevailing, together 
with the fact that foreign grain, with its thick husk, which requires a 
prolonged soaking, is then worked, tends to prolong the Intervals between 
the steeps and to extend the wetting periods, but during the colder 
months, when working up home gram, the loss in time aUuded to is then 
recovered, and when the season ends — ^whether it be a short or a long one — 
the businesslike maltster divides the total number of da3rs occupied by the 
aggregate quarters of malt manufactured, and thus has the satisfaction or 
otherwise of learning whether or not the maltings have been wodred to 
their full capacity. 

There is another practical point of importance which deserves more 
than passing reference. We r^er to the empirical custom, still in vogue 
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ia some of the laigest maltiiigs in the oonntiy, of regarding the use of floor 
thermometers as uimecessaiy, it bemg thought that temperatures be 
gauged by the ph 3 ^ical indications observed from insertiag the band into 
the piece on floor. Never rely on such uncertaia methods, ib.e physical 
indications of 'v^armth or the reverse being dependent on the n.T>d 

bodily condition of the individual at the moment, factors which are wholly 
unconnected with the temperature of the grain. It should be borne in 
mind that to avoid “ forcing ” conditions of germination a linnif. of 69® F. 
for native-grown barley, and 60° F. for foreign should never be exceeded, 
with from 1® to 3° higher during the concluding stages of withering. Avoid 
“ sprinkling ” as much as possible and rely for the necessary kngth of 
acrospire and rootlets and true modiflcation upon lengthy steeping periods, 
frequent changes of water and abundant aeration of the latter as it runs 
from perforated pipes into the cistern There are some maltsters who 
still adhere to the exploded theory that a long soaking results in diminish- 
ing the vitahty of the grain. Doubtless this was correct during the days 
when water remained unchanged until it became stale, but fear of loss of 
vitahty need not be apprehended if the water is changed and the grain 
thus aerated every twelve to eighteen hours and the steeping is prolonged 
until the usual well-known modem indications of a thoroughly soaked 
barley are observed. 

B^ard the floormg as two distinct processes : (a) germination, during 
which period the CO 2 produced should be dissipated and oxygen absorbed 
by the grain by frequent turning ; (6) withering, in which reverse condi- 
tions should obtain The COg should be conserved in order to facihtate 
the asphyxiation of the plant and thus to further withering. 

The kilning process should also be treated as consisting of two distinct 
processes : (o) drying at low temperatures with all the draught holes 
fuUy open. The exercising of the utmost care for nearly a fortnight in 
Tnfl.inta.imng the temperature of the pieces on the floors below forcing 
limits may be utterly undone in the course of an hour or two by drying off 
on kiln at opening temperatiues below 90° F. But on the other hand, 
the temperature just named should not be materially exceeded during the 
first stages of diymg, while the bulk of the moisture remains m the load. 
The object of thus exercising the utmost care in regard to temperatures is 
to prevent that “ setting of the husk *’ which an increased initial heat 
would mevitably bnng about, with the result that the moisture would be 
imprisoned within the gram and the finished malt would be vitrified and 
steely, flavour impaired, colour increased, and extract yield and diastatic 
power reduced. (6) Curing requires the reverse conditions to drying. 
The draught holes should be ultimately completely closed, and only as 
much air allowed to ingress to the fires to mamtain them. The aim here 
is to permit of the fumes at high temperatures to penetrate into the 
innermost portions of the malt, thus ensuring the production of a 
thoroughly cured and stabilised fin ished article. 

In conclusion, it is noticeable how some maltsters cannot employ as 
kigb “ finiiekTTig off ” temperatures as others, without gaining an excessive 
amount of colour, lessening the diastatic power unduly, and impairing 
aroma fl.n<i flavour. Apart from the consideration of faulty kilns in this 
connection, it is mainly a question of noting that the load is as free from 
moisture as it is possible to reader it during the concluding hours of the 
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drying process. K the latter operation is oorrcotly carried out on the 
lines suggested, then it is surprising to what heights tlio linal tomporaturo 
can be increased to, and maintained at, and yet a malt can be produced 
capable of being employed for pale ales, 

Mblting.— The first process to be referred to is malting, winch is 
really-— albeit many brewers are not maltsters— tlio earliest and not the 
least important stage in brewing. It is customary for maltHtors working 
on the original system to “ make up ” their roquiromontH of foreign malt 
at the beginning and the end of the season during which periods the 
warmer temperatures usually prevailing would be loss prejudicial to the 
floor working of foreign-grown grain than to homo. Purchases of foreign 
barley are therefore normally postponed until late in the season in order 
that delivery may bo effected in time to take tlm phioo of tho Englisli 
barley, the last steep of which is generally couched not before tho end of 
March, ^e barley, which is to bo operated on, having boon obtained, 
and the light thin corns, and broken grain separated by screening, or, 
what is still better, the corns of different sizes having been sorted by 
QToAinQ (the object of the latter operation being to got bulks of com which 
will germinate similarly under similar conditions), it is then steeped — i.e., 
covered with water— and allowed to soak, in a largo Cxoti vessel called the 
Cistern, for from fifty-five to seventy-five hours for home-grown barley 
and up to 100 — 120 hours for foreign grain. 

The water then being drained off, tho saturated com is either thrown 
or allowed to descend (by opening a valvo) into tho Conch or Coach-frame. 
In malthouses of later construction the cisterns aro of iron and conical lu 
shape ; moreover, they are fixed above the couoli-framo, so tJiat, on a 
valve being opened, the whole of the saturated oontonts is discharged into 
the receptacle beneath This arrangement is mucli more siiecdy. A 
good-sized cistom, which it would take two men working witli shovels at 
least thirty minutes to clear, can be emptied in throe minutes, wJulo tho 
work superseded is as heavy as any in tho malthouso, and tho crushing of 
a good many corns, that fertile source of mould, is pi'cvontcd. It may bo 
that in extremely cold weather the free conductivity of tho metal ivould 
render it an unsatisfactory matonal for cistoms— it is certain that tho 
steep water should never bo extremely cold (never below 50°) ; were that 
the case, such cisterns could be “ lagged ” with some non-conduoting 
covering. 

In the couch the gram rests until tho temporaturo roadies 56° F. 
The use of the couch merely depends upon tho fact that it is found usefui 
to k^p the grain at a considerable thickness at first, in order to encourage 
a slight rise of temperature, and thereby to favour tho beginning of 
germination. 

Aeration in steep : Flooring.— Steeping, alternating with aeration, is 
gettmg recognised as preferable to oontmuous stooping, oven to the extent 
of 12-hom periods of each. The grain, thoroughly moistened, without 
being sodden, seems to have more vitahty. It should be suffioient to 
maye me air, sucked in by the drawn-off steep- water, undisturbed for the 
d^ired period by fre^ steep- water ; but conioal cisterns present some 
obst^le to due aeration of the lower portions of their charges of grain, 
which remain considerably wetter than the upper portions. 

After the oouoh the grain occupies a large area on the floors, which 
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are worked thiimer in warm weatker than in cold ; so that if 60" !F. of 
temperature be touched, it may never be exceeded. 

Malting (conthmed) — The Floors. — Upon the day that the couch is 
opened out the grain becomes a “ one-day floor ” ; upon the following 
day it is known as a “ two-day floor ” ; on the succeeding days as a 
“ third-day,” “ fourth-day,” “ fifth-day floor,” and so on. Every day, 
generally twice a day, “ the piece ” or “ floor ” is turned and moved 
forward away from the cistern and towards the kilnj -which is at -the 
opposite end of the malthouse. The turning is effected with broad, 
wooden shovds, and as each shovelful is thrown forward, a dexterous turn 
of the wrist scatters it -thinly and evenly on the floor in front. The -usual 
practice is to skim the surface -with one sweep of the shovel, throw that 
shovelful forwards, and get up the lower layer, so laid bare, in another 
s-weep. In this way a large percentage of the grains, previously lying at 
the bottom, will now be thrown for a time on the top, and have their 
chance of absorbing -the oxygen needed for healthy gro-wth. 

Mode o£ imnii^ Floors. — The men, as they turn -the floors, work from 
side to side of the malthouse (or from side to middle, and back again to 
-the same side, if the house is a double one), and sometimes they work 
forward — i.e., following the shovel, sometimes backward — i.e., in front of 
the shovel. The latter seems the preferable way, fewer coins bemg crushed 
— an important point when it is remembered that every crushed com is 
not only hable to turn mouldy itself, but that the mycelia of mould run 
rapidly from the unsound to apparently healthy corns, given favourable 
conditions for development. When the men foUow the shovel (i.e . work 
forw’ard), the grains which are unavoidably missed cannot escape being 
crushed between the workmen’s feet and the hard floor, if they be trodden 
on ; when, on the other hand, they work backward, they tread upon a 
yielding layer of unturned grain some inches thick, and comparatively 
h-ttle harm, if any, is done. Felt slippers lessen the ri^ of crushing, but 
better still from that point of view is the system of working barefoot 
practised at Newark. Men, however, who have not been brought up to 
this system naturallj’ object to begm it 

Germination — ^Rootlels — ^Acrospire. — ^Meantime the rootlets have made 
their appearance , at first — ^when the grain begms, as it is said, ’* to chit *’ 
— ^in a white protrusion at one end of each barley-corn ; then they separate 
and, if the conditions are favourable to rapi^ty of growth, this white 
protrusion soon resolves itself mto separate rootlets, three, four, five, six, 
or even, here and there, seven in number, which grow daily, though they 
should never grow long and “ spindly ” (short bushy rootlets are a 
desideratum), up to the seventh or eighth day from the couch, after which, 
even though they have from the fourth day been refreshed by judicious 
spiinkling, -the active growth ordinarily slackens, as evidenced by some 
loss of their pristine brightness of hue. 

A less noticeable phenomenon, though some growth is doubtless almost 
simultaneous -with the sprouting of the rootlets, is -the developm^it of 
the acrospixe or Plumala. The acrospire, known to the old malting hand 
as “ the back-spear,” starts its growth from the roo-tlet end on the smooth, 
not the cleft side of ^e grain, and grows undmr the latter’s skin to a 
certain point (about -three-quarters the length of -the grain), the attainment 
of which is a wign to the maltster that germination has been carried far 
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enoiigh. mils acrospire is 'wiiat, under the natural 
in the soil, ■would develop into the green blade ■with which we are all 
familiar, but in 'the artificial process the growth is stopped far idiort of 
■that ; indeed it is, as has been said, rarely allowed to traverse more tTiaTt 
■three-quarters of ■the length of the grain (never, on any account, being 
allowed to protrude), this being all-si^icient to call into being the qualities 
which differentiate malt feom barley. What these are, apart from the 
physical characteristics of greater liability, flavour, and lower specific 
gravity (a bushel of good barley weighs about 56 lb., whereas a bushel of 
malt made from it weighs from to 42 lb.), ■will be f omid on pp. 1,2, and 3. 

It may be wdl, however, before referring to the kiln, to add a fairly 
represen'bative sketch of the progress of a floor of malt supposed to have 
been steeped in moderately mild weather in spring, and which, though 
not showing any exceptional ■vigour in regard to the average number of 
rootlets produced, ^shibits a satisfactory development of acrospire. 

Progress of an average Floor. — ^After the usual stay, as mentioned in 
p. 6, under water in the cistern (the water having been changed every 
twelve hours), and twenty-four to twenty-seven hours in the couch, its 
career begins as a one-day floor Suppose the couch “ broken ” at 7 a.m,, 
it is probable that an inspection of the graini« will reveal the roo^tlets 
beginning to protrude here and there, and if the floor be reduced in depth, 
it ■will be found in the evening, say at 4 p m , that they are just through in 
nearly all of them. On the second morning distinct rootlets will have 
made their appearance m at least half the grains, and var 3 ;nng firom one 
to three in number 

Turning will be resorted to morning and evening — the barley being 
spread thinner and thinner, and consequently occup 3 ring more space untd 
it is a four-day floor, when it may perhaps be advisable slightly to reduce 
the area over which it is spread. On the mommg of the “ tliree-day ” 
floor nearly all the grains will have three well-developed curly rootlets, 
some of them four. On the evening of the same day all will probably 
have three rootlets, some four or five, averaging a quarter to a third of 
an inch m length, and the acrospne will be plamly visible On the fourth 
day the rootlets ■will be fawly well developed, and four or five m number. 
Perhaps on the evemng of the fourth day the rootlets may show a shght 
loss of brightness, and it may be advisable to begm sprinkling. The sprink- 
ling IS done ■with a large can, having a straight spout of exaggerated 
length, which is freely perforated for a considerable part of its length ■with 
fine holes, so that a wide and tolerably fine spray is assured. On the 
evening of the fifth day the acrospire ■will be fully halfway up. and in some 
grains possibly two-tlurds. On the sixth day, if the rootlets begin to 
'wi'fcher, the acrospire should be two-thirds of the way up, and the grain 
retain its characteristic fresh, cucumber-like smell. 

The development of the acrospire is now slower, but on the evening 
of the seventh day it wiL be three parts “ up ” in many cas^, and cautious 
sprinkling may, if necessary, be resorted to. [N .B .-—Sp rinkling must be 
restricted by the necessity of sending the floor to kiln not hea'vily charged 
with moisture.] On the eighth day “ the mdlowing” will probably b^in, 
the acrospire being stationary. It ■will then ceitainly be fit for the kiln 
on ■fche 'thirfceen'th morning, but probably before ■this ■tdme mould ■will have 
made i^ts appearance, and maybe in such quantity that it ■will seem ad- 
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visablc to put ‘‘ the floor ” on tlio kiln a littlo oarlior tiian its growtli 
otherwise would require. The above details are only given as tyjnoal of 
what occurs in malting a floor of barley when the external temperature 
is not very low, and whore the grain is kept at a moderate temperature, 
approximating to 60“ F., by judicious turning and spreading. In very 
cold weather the germinating grain may bo thirteen full or oven fourteen 
days on the floor. 

Maltii]^ (continued). — ^It may bo mentioned that as “ the floor ” nears 
its next destination, tho kiln, on which it will bo loaded at an ago, generally 
speaking, varying between eleven and fourteen days, other younger floors 
will be following it ; and as it is usual to stoop about every fourth or fifth 
day, with certain variations to lighten Siuiday labour, it is essential that 
the malthouso floor should bo long enough to hold throe separate stoopings 
with a small clear mtorval between, winch must bo kept scrupulously clear 
of scattered corns, the edges of each “ piece ” too being neatly brushed 
up. 

Withering should bo regarded always as a separate operation. It is, 
in fact, the getting rid of superfluous moisture by tlio influence of tho air, 
a riddance which is naturally accompanied by tho process of as^ihyxiating 
tho grain due to tho action of accumulated COg, and by a withering of tho 
rootlets, though tho acrospire may still grow slightly , and it is ceiiainly 
a point of capital importance not to load tho gi-i'en malt on tht> kiln in a 
very moist condition. Some maltsters again like to hen]) up a “ piece ” 
of malt for a time before kilning it, whereby a littlo more heat is generated, 
the result, as they hold, being greater raollo'vv’ncss. Hut in any case, tho 
wisdom of endeavouring to got mellowness and friability by ivithoring 
or heaping must be doeidod in connection with tlu* freedom fioin mould 
which tho piece may or may not oxluhit. If mould has begun to run it 
will bo advisable to got the “ gi-eon malt ” upon the kiln at once, aiul not 
to incur certain damage for a problematical henefif. Fitness for the kiln 
can be determined by pressing tho grain between the thuinh-nails, where- 
upon it should crumble without exuding moistiini and without pastiness 
Home loading maltsters speak of a withered malt containing an excess of 
moisture as being of tlio consistency of butter, instead of jiosscssmg, as 
it should, the lower water content and a certain iihysical resemblance to 
cheese. Tho acrospire should bo throo-quartors “ up / ’ as nearly uniformly 
as possible The rootlets, which bcfoiv should have been slioit and curly 
(say half an inch in length at the outside), will now bo dry and somewhat 
shrivelled. 

The Control of Malt Kilns. — Modem malthouso foromon may not be 
academically conversant with the sciontifio principles imdcrlying the 
drying and curing of malt, hut the majority of those men can apnly these 
prmciples efficiently m the course of their daily task. They raeogniso 
nowadays that the satisfactory kilning of malt really consists of t*^ 
virtually distinct processes, in wliich nearly opposite physical conditions 
should obtain. Some years ago we noted that a well-known malting 
authority stated in respect to the production of good malt that “ If the 
foreman sees that his ffie is guarded from tho wind, especially when it is 
high, and regulates the position of tho fuel on the flro-bars according to 
circumstances, little else is necessary in a good kiln.” We do not agree 
that efficient kiln manipulation is quite so simple a matter. While the 
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poBition of the fu^ on the fire-bars and the g^uantily of coal employed are 
itaportaat contributory items of succ^sful stoking, yet the ingraga of air 
during the drying stage in suflaoient volume is the naaiTi regulating factor. 
The draught holes leading direct to the fires should extend through a 
tunnel carried outside the building. There should be no connection 
whatever between the air that reaches the grates and the air that furnishes 
the necessary up-draught for the expulsion of the excess moisture from 
the load of malt undergoing drying on the kiln. To. some instances the 
air employed for the latter purpose is drawn in abm:e the filres, but to 
obviate the ever-present risk of scorching by a sudden blast of cold wind 
gaining admittance to the load, all the several kiln draught holes should 
be placed at the lowest point below the fires and arranged so that the 
maxunum amount of cold air available will, after due admixture with the 
hot fuel gases, be distributed equally throughout the load on kilTi, 

The volume of air secured specifically for this purpose depends upon 
the condition of the fires. A bright intense fire w^ continuously evolve 
large volume of fuel gases, which is immediately replaced by a correspond- 
ing volume of air drawn through the several dmught holes situated at the 
lowest point bdow the filre suriace. 

To £b.e uninitiated, it appears extraordinary that in a kiln arranged on 
the principle briefly alluded to, the more mtense the fires the greater is the 
volume and proportion of cold air drawn m and intermixed with the 
volatile products of the fuel, and, in consequence, the lower are the kiln 
temperatures ; providing, of course, that the dmught holes are main- 
tained fully open. Moreover, under the conditions named the dispersal 
of the moisture content of the corns occur with greater rapidity. The 
period occupied for the drying stage varies with atmospheric conditions 
The Times formerly used to publish regularly information in respect 
to these conditions from record tabulated three times every twenty-four 
hours The temperature of the air, tension of vapour, percentage of 
humidity, etc., were all registered, and it was only necessary to retain 
these figures for reference purposes during a short period m any maltmg 
season to show the remarkable variabihty of our British chmate. 

A written record of aU kiln temperatures should form part of a fore- 
man’s duties. Reference to these, together with observmg the behaviour 
of the fires, are certainly useful cheeks, but a regular physical examination 
of t.bA progress made in drying as mdicated by the condition of the corns 
is so important that such periodic inspection should never be neglected. 

The introduction of methods of kilning which showed a decided saving 
in fuel appealed to the commercial sense of many non-technical directors, 
a.Tid has led to the introduction of this system in qmte a number of malt- 
ings. The entire kilning of malt cannot be carried on simultaneously 
except in the hands of an exceptionally skilful fireman. Drying and 
curing are two distinct and independent processes, as already mentioned, 
accomplished at a widely differing range of temperatures and under 
almost totally opposite conditions in respect to drau^t and similar 
factors. Apart from labour-saving items of malting plant, legions of 
devices have been conceived for the purpose of improving iiie draught 
and the dissipation of “ reek ” from the kilns, and for a time each appliance 
had a certain following. The simple old-time kiln without appendages 
and constructed on sound lines based on long and "wide experience of the 
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needs of the maltster oon be made to serve for the produotion of thoroughly 
dried and e£S.oiently cured malts. 

Malt, it has been often said, “ is made on the kiln.” This statement 
is not quite accurate. While a perfectly germinated and completely 
'sdthered green malt may be received on a badly constructed kiln or by 
ignorant management, yet it is obviously not possible to eliminate errors 
in floor working on any k i l n , however faultless or in the hands of any 
maltster, however skilful. 

It is surprising how many craftsmen still contend that it is impossible 
to ** finis h off ” at extremely high temperatures without incurring the risk 
of excessive colour, curtailment of diastatic capacity, together with the 
yielding of an undue amount of fire flavour. 

If care is observed to carry the drying process through successfully, 
curing can be accomplished at astonishingly high temperatures without 
interfering abnormally with enzjmic capacity, or obtaining any of the 
faults which lower the general quahty of a high-quality malt. On the 
contrary, the higher the maximum curing temperature, providing always 
that each preceding process has boon carried out offioiontly, the more 
enhanced in every attribute is the finislied malt. Especially is this the 
case in the matter of malt flavour. Compare two malts, each of which, 
“ made up ” from the same barley, have been thoroughly dried prior to 
“closing down,” but one of which has boon subjected for the closing 
eight to twelve hours to considerably higher temperatures. There can be 
no question of the improved flavour of tlio latter product. 

The amount of flavour yielded to the palate by a malt of this type, 
quite apart from other considerations, is earned forward to the beer and 
IS of inestimable advantage in these days of light ales with a natural 
tendency for over-attenuation, and, in oonscqucnco, lack of palate- 
fulness, especially if large proportions of foreign malts or adj'uiicts are 
employed. 

Unfortunately the essential cloinont of flavour cannot bo detected or 
estimated by chemical analysis, and doubtless it is for this reason that 
certain theorists claim that similar results can bo obtained by drying and 
curing malt on practically the “ central heating ” principle, in which any 
volume of draught required is obtained meoliamcally by fans. Malts 
produced by this method may be similar analytically, but they are utterly 
devoid of true “ malty ” flavour as compared with tlie malts upon which 
the fuel gases from open fires have been allowed free access to the load 
on kiln. 

The Efln, of which more anon, consists of a floor either of woven wire 
or tiles, upon which the green malt has to be loaded, and supported by 
massive brickwork, within which is the firing-place from twelve to eighteen 
feet below the floor itself. Rising high above the floor, the upper part of 
the kiln is generally conical in shape. Stopes says the more closely a kiln 
resembles a chimney in construction the greater is its effective capacily. 
Anyhow, large outlet openings, such as are sometimes seen, by leading to 
over-rapid cooling and consequent super-saturation of the moisture-laden 
gases, prevent that strong upcast draught which is so essential. But on 
the other hand the openings must be large enough for getting rid of 
vapour when the green malt is being dried. Oowls are generally better 
thw fixed openings. 
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Authiaoiie Coal (Welsh coal), beoatise of its beiiig compacativdLy 
smokeless and virtoally axsenio-fcee, is bmnt. It has on the aveiage 6% 
or 7% more carbon and about less sulphur than ordinary coid. 
lire important point is to use moderate heat at first tid the malt is 



^orouahh/ dry. Excessive heat applied to the moist green i^t 
a >»>Vi colour, besides causing other evils, which will be more fully t^ted 

ofinGbapterll. The malt stays on the kiln (for drying and curing) 

eighly-four to ftig hty-six hours ; and if moderate heat has been used at 
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first until the malt is “ Ixand-dry,” very high temperatures may bo 
employed to finish off without risk. 

Doable Eilns. — Somotinios an \i])por kiln is coiislruoiod on what is 
generally known here as tho Stopos * principle, but one which has long 
been appreciated in Germany. The green malt jb first loaded on tho upper 
floor, for which woven wire is tho best material, tis hok*s are generally out 
in it — ^in fact, have to be out in it — to enable tho men to ahov<‘l tho charge, 
when properly dried, down on to tho lower kiln floor, for wliich j)erforated 
tiles are as good a material as any. Those cut liolos oi'o oovorcwl with 
conical wire dissipators or dispersers, which may also bo metal oyhndors, 
with one end absent at tho part whore tlioy lit over tho cut openings. Jn 
this ease they have an arrangement opening and shutting at tho to]) for 

of To dau //foc/sv Tko //o oft X/^a' 

ScAte /t^/o 



letting out the Ideated air from the bottom kiln without its passing through 
the layer of malt on the upper kiln. ^ i| 

The double k i ln is economically the better if only the fi'H'ng can be so 
sjTanged that the temperature of the bottom kiln is high enough for 
imparting flavour and stabihty, and the temperature of the upper kiln 
at same time low enough to dry, without colouring its contents. The 
only advantage obtained from the employment of double kilT^n is the 
commeroial one of economy in respect to fuel, which, it is claimed, amounts 
to from 60 to 70% of the coal required for single kilns. If we were asked 
to stat a preferenoe it would be for the single kilns. The double kiinn 
involve some altesation in steeping, less is wetted at one time, but the 


improvemejite wiD, however, be mentioned in the next chapter. In 
propOTly been to meet the defect of the Stopes hJn— 1.«., the 

otirtng the bottom floor at a 
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steeping is more frequent — say every other day instead of every fourth 
day. 

The mention of G[ermany recalls that the system of drying curing 
practised there differs from the usual IgTigliaTi method, in that, in that 
country, heated air alone is allowed to pass through the malt, whilst here 
the actual products of combustion pass with the heated air. Indeed, 
eminent au^orities here tTiinlr thia an advantage, holding that the malt, 
like “ a lEWion haddie,” keeps all the better for the smoking it receives, 
and the flavour produced thereby is essential for the brewing of Briiash 
beers. 

After being thoroughly cured ihe malt is trodden on the kiln or 
mechanically treated to free it from dried rootlets or “ the combes,” as 
they are called. It is then stored, preferably m bins and with “ the dust ” 
— i.e., the rootlets — ^untfl. wanted- Next it is passed over a screen to 
separate the rootlets, which fall through the me^ of the inclined screen, 
and is then conveyed to the brewery. 

Malt on azidving in the Brewery. — After reaching the brewery the malt 
is crushed, but not ground, in a malt-mill or malt-mills, whecce it is raised, 
as “ grist,” while ihe crushing proceeds, by an elevator or Jacob’s ladder, 
an endless band with cups attached, which as they reach their highest 
point and begm their descent upside down discharge each its httle load of 
grist into the Giist-case or Hopper, which commands the mash-tun. Con- 
siderably less disintegration of the grist occurs, and consequently a greater 
degree of buoyancy results in the mash-tun when the crushed malt faUs 
direct to the grist case. This operation teikes place, as a rule, on the day 
before that fixed for the actual brewing. The addition m a semi-diy 
form of the “ hardening ” materials rendered necessary to supply the 
deficiency of sahne constituents of a brewmg water to any desired 
standard should be added to the gnst, at mtervals, as it falls into the 
grist-case. 

The Liquor, or “ Plain Liquor,” as water is always called in a brewery, 
is also generally heated each evening for the next day's mash. Some 
brewers prefer to boil it, and allow it to cool dou n, adding cold hquor if 
required. The carbonates, or rather bicarbonates (but not the sulphates), 
of lime and magnesia are thereby precipitated, and with them any iron 
present in the same form. 

M ashing Systems (Infusion, Decoction, and Limited Decoction). — 
There are three principal systems of mashing, viz , the Ififusion Process, 
which is the usual 'Kngli.sli metliod ; the Decoction Process, employed in 
Germany and elsewhere for the production of lager beer ; and thirdly, a 
variation of the first with some features of the second, known as Limited 
Decoction. 

Tn the Tnfnginn meihod the crushed malt and the “ liquor ” are mixed 
either in the mash-tun by internal rakes, or they fall into it ready mixed 
by passage through a mashing-machine, fixed outside the mash -tun, but 
placed so as to command it. Generally there will be both rakes inside^the 
tun, and one of these external mashers (Steele’s, Maitland’s, or Riley’s, 
etc.). The mash-tun has a false bottom consisting of p^iorated or slotted 
metal plates, which rest on feet so as to be some inches above the real 
bottom. This interface and the plates of the false bottom should be 
covered with the mailing liquor before the grist is started. 
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The mash-tun should be well heated by steam at a delinito presstue 
previous to TUflahing — this is especially necessary when Uio mash-tun is 
of iron — so that no cooling of the masli may result. The aim is to get the 
“ tnitifll heat ” most favourable for inducuig certain chemical changes 
which have already been referred to briefly, and will bo further dealt 
with in the chapter on MasMng and Boiling. 

The initial heat (by which must bo xmderstood tho heat of tlio mash 
directly all the malt and all the liquor are togotlicr in tho mash-tun) may 
range from 160® to 166® F., or even higher, according to tho quality of 
the malt, iypo of yeast employed, or tlio character of tho boor tliat 
one wishes to produce. To attain this, unless Clinch’s system of a 
preliminary heating of the grist be adopted, a “ striking heat,” i.e., tho 
heat at which the liquor meets the goods, some 10® to 13® F., more or 
less, above the desired initial, will be requisite. If, on tho other hand, 
the grist be heated, obviously a temperature which approximates to tho 
desired mitial will be sufficient. 

This “ initial ” is maintamed or slightly raised by the introduction of 
** underlet ” or “ Piece Liquor,” so-called, let under tho false bottom ; 
and if there are internal rakes — as there ought to bo in all largo tuns — it 
will be the general practice to let them revolve onco round tho tun, or 
twice at the most, to twiy the underlet and the rest of tho mash. Too 
many revolutions — i.e., too much knocking about of tho mash — ^tond to 
make the mash “ dead,” as it is called when tho wort drains ofl! badly. 
Underletting, however, is not tho invariable practice, but is often con- 
vement for making up the desired proportion of mashing liquor, which is, 
as a rule, at about the rate of two and a quarter barrels for each quarter 
of malt. Underlettmg is less needed from tho point of view of temperature 
when the bulk of ” the goods ” is large, or when tho mash-tuii, especially 
if it be of iron, is so thoroughly heated that it acts as a reservoir of caloric 
for the mash to draw upon. 

It should be remembered, however, that tho more liquid tho mash, 
other things being equal, the higher will tho ratio of maltoso bo to malto- 
dextrins in the resulting wort, and consequently tho tendency of tho latter 
will be towards greater attenuation — %.e., towards a boer containing loss 
unfermented matter but more alcohol. Such a boer, skilfully manipulated, 
may by the pungency attributable to tho increased amount of alcohol and 
of oarbomc acid, with which it should be saturated, delude tho taster’s 
palate into an impression of even greater body than ono loss attenuated 
may succeed in imparting. On the other hand, there being a tendency, 
when the fermentation is of a very free and rapid character, to tho dissipa- 
tion and consequent loss of too much of the carbonic acid (represonting on 
equal portion with the alcohol of the solid fermentablo matter which the 
wort once contaiaed), considerable care will be necessary to prevent such 
a beer drinking thin and poor, or, as the expression goes, ” bolow its 
gravity.” 

Best after Mashing— Wort Circulators. — ^The madi is next allowed to 
rest or “ stand ” for a peodod that varies from an hour and a half, or oven 
less, to two hours* ; thou^ in the interval some brewers, who have the 
requisite applianoes, find it to their advantage to “ circulate ” the wort — 
t.«., to set taps and convey it to the upper pact of the masK-tun, via 
some intermediate appUanoe for raising its temp^ature. It is then 
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sparged * over the sutfa.ce of “ the goods ” (through Hpa.rgft-fl. rma of larger 
aperture than those used for the subsequent liquor sparges), at a 
temperature considerably above that at which it runs from the luashL- 
tun, the double operation — running-off and sparging-on — ^being carried 
on simultaneously. 

The advantages of circulating are increased and early brightness of 
tap, and a shortening of the “ rest ” or “ stand,” owing both to the first- 
named advantage and to the fact that the circulation, provided the 
temperatures be not excessively raised, stimulates the action of the 
liquefying and saccharifying diastases ; or, on the other hand, if the 
command of temperature during the process be without limit, the power 
which the brewer then has of crippling the diastasic action by a very high 
heat, and of thereby producing a malto-dextrinous rather than a maltose 
wort, or, in other words, one which will yield a fuU-drinldng beer which 
will improve by storage. 

The two fonns of circulators in use are Crockford’s and Bucknall’s. 
The former, thou^ no royalty has to be paid, is a somewhat costly 
arrangement in itself, involving a rotary pump, speeded to at least 
1,200 revolutions a nunute, considerable lengths of tinned-copper con- 
necting pipe, and a copper vessel with a steam coil in it, which is used 
for heating the wort as it is pumped up. The opening at the bottom 
of this vessel (the said opening bemg connected with its sparge-pipe) is 
plugged by an overflow pipe, which stands up higher than the coil, so 
that the latter is always covered while steam is passing through it. At 
the end of the circulating, which may last fifteen mmutes, or considerably 
more if it be found useful, the vessel is er&ptied by withdrawing the plug- 
pipe 

Bucknall’s apparatus is simpler A tube connected with the bottom 
of the mash-tun, or with the small ” back ” (vessel) into which the taps 
flow, is so arranged that a jet of free steam admitted into its lower end 
drives against the wort which has previously been let into the tube, and 
by the force of its impact (somewhat after the manner of a Giffard’s 
Inj'ector) carries tlie latter up with it to a height which commands the 
upper surface of the mash-tun, raising its heat considerably, of course, at 
the same tune The objections, if vahd objections they be, lie in the use 
of free or naked steam, connotmg the possibihty of impurities being 
introduced, and the fact that its condensation adds to the fluidity of the 
mash. This increase of fluidity need not, however, be excessive, seeing 
that the principle of latent heat of steam comes into play. The heating 
capacity of free steam, accordingly, will be four or five times as great as 
that of steam conducted through coils, a fact which should theoretically 
render it easy even to boil the wort, as carried up, with a relatively 
moderate amount of condensation. And if the said steam inlet be well 
above the level of the boilem, as it would be in most modem plants, the 
risk of oily matters and other impurities being introduced, especially if 
certain chemical boiler-compositions be eschewed, is reduced to a 

nriTiTTnn-m 

* Spaxsiuis — sprinkliiig or distributiiig water at tetaperaiixires over the soiface 

of “ the goods” (as the malt when in the mash-ton is called) thxongdi ^ spaigw or sprayer, 
consisting of iqpeoialLy constructed copper tnhing or “ arms ” perforated with numerous 
v®cy smtm holes through which the liq,uor is i^rayed, in the form of a mist, over the goods, 
the sparger rev(dviDg at a high speed. 
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The lemaming steps between mashing and fermentation are roughly 
and briefly “ setting-taps ” after tho rest in the mash-tun. The major 
quantity of “ liquor ” (= water) required to make ui? “ copper lengths ” 
should be sparged on — ^and this sparging goes on simultaneously with the 
spending of the taps, while the “ liquor ” supplied through the arms of 
the sparger should be so regulated that tlxc goods ” aro neither drawn 
nor beaten down ; that is to say, tho supply should bo copious, and yet 
the holes in the sparge-arms should bo flno enough to prevent the liquor 
from falling heavily, for a bght and spongo-liko condition of tho goods 
means good drainage, and good drainage generally moans good extract. 
Modem sparge-arms supply the hquor m the form so thin a spray as to 
resemble almost a mist, as already mentioned in a footnote to p. 17. 

The copper or coppers being “ made up ” — i e., filled to tho required 
depth, generally ascertained by taking the dry dip or number of inches 
from the top which the surface of the wort is to come up to,* — ^hops are 
added. Some brewers add them whiLo the copper is being made up, 
before the length is got ; some again add the quantities worked out for 
each copper ah together to that copper , others add poitions, generally 
different growths, at intervals, boiling tlio choicest hops tho shortest time, 
with the object of retaining, if possible, as much of tho fine aroma as 
possible in the wort. When the copper “ length ” is made up and first 
boils with the hops it is said to be “ through ” Tho cojipers may be 
boiled either by direct fire action or by steam, tlio relative advantages of 
which may be referred to later. 

The boiling having lasted from one and a half to two hours (longer 
than this can hardly ever be needed), tho copper is “ turned out ” or 
“ struck ” or “ cast,” the boihng wort, Iioiis and all, rushing out through 
an opened valve or tap into tho hop-back, a vessel sometimes rectangular, 
sometimes circular in shape. Tho hop-back is fitted witli a sparger, or, 
in the case of a rectangular hop-back, two spargers, similar to that con- 
nected with the mash-tun, for extracting any wort remaimng in tho hops 
after the last copper has been pumped or run out of it. After a rest of 
about thirty mmutes in the hop-back the wort will bo pumped, or proceed 
by gravitation to the coolers — open, shallow vessels of cast-iron or copper 
— and thence over the refrigerator or refrigerators, which are, broadly 
speaking, an arrangement of parallel copper tubes, placed citlier vertically 
(of which Lawrence’s Vertical Refrigerator is a type) or horizontally 
(Morton’s, etc.), through which cold water flows, while the wort flows over 
them in a contrary direotion. [To avoid misapprehension on tlie part of 
those who have never seen a refrigerator, let mo add that the term 
“ vertical ” is somewhat of a misnomer ; upri^t would be better. The 
tubes are in every ease — except with certain circular or spiral refrigerators 
— ai right angles to the course of the wort.] The object of this passage is 
to cool the wort from the temperature approaching boiling, say 180°, at 
which it stands upon the coolers, to a temperature of 60° or 68°, or even 
lower, which is advisable for the commencement of fermentation. 

It will be observed that the wort, which is brilliantly clear at the 

The uxmaher of baixels to -vrMch these diy inches correspond is ascertained by refer- 
ence to a Table. Thus suppose 20 dry inches (which is pretty full even for a stoam-boiled 
copper) 90 barrels, and each inch represents a barrdl, then 21 in. 89 barrels, 22 = 88 
baxrds, and so on. 
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higher temperature, becomes more or less dull when cooled down, from the 
fact that certain bodies, of protein character, soluble in the hot are 
thrown out of solution at the lower temperature. It is the business of the 
yeast, m addition to its vital functions, which result in the phenomena of 
fermentation (i.e., the production of alcohol and carbonic acid gas from 
the saccharine matter of the wort), to purge the wort of these factors of 
turbidity, a purging which is probably effected mechamcally, when they 
are not too plentiful, by the continuous rising of multitudinous yeast-cells 
to the surface, 

Before proceeding further to our description of fennentation, it will 
be well to refer to certain differences in the method of mashing, as far as 
they are marked enou^ to have received special names. 

Infa sio n, Decoction, and “ Limited Decoction ” Systems of Itoshing. — 
The Infasion system is the one described m the foregoing pages, and is the 
system adopted, with slight modifications, throughout Great Britain. On 
the other hand, in the great Continental brewing centres the Decoction 
system, so called because portions of the mash are actually boiled or 
cooked, is preferred. There are, of course, variations, but the usual 
Viennese system is as follows. 

The grist is first mashed with cold water until a homogeneous 
mixture is obtained, and Thausing sa 3 rs it is considered a sign of good 
quality in the malt when the mash froths well and has an agreeable 
smell, and when the water quickly gets a milky appearance. Meantime 
the water m the copper has been boiled, and enough is now introduced 
mto the mash-tun to raise the heat to a pomt somewhere between 86° 
and 100° F. 

Next, about one-third of the mash (“ goods *’ and aU) is conveyed 
into a special vessel known as the (mash-copper) to be boiled, 

its temperature, however, bemg brought only by degrees up to 167° F 
Its appearance is noted from tune to time, and, from bemg milky at first, 
it gets gradually transparent as the starch is first hquefied and then 
saccharified or converted mto sugars. Tuo objects have to be kept m 
view during this procedure — first, the conversion of the starch durmg the 
gradual elevation of the temperature up to 167°, and the more completely 
this takes place the better , and secondly, to elevate the temperature of 
the remammg two-thirds of the mash by the return to it of the boiled 
portion. The boiling of the latter, how ever, is not begun until the milkiness 
bag all disappeared, the time durmg which it is boiled varying between a 
quarter and three-quarters of an hour ; and until the ebulhtion is active, 
the Tnaas has to be kept m constant movement (by revolving arms, with 
loops of chain depending, which sweep the bottom of the vessel) to prevent 
burning. 

This portion, the first dickmaisckej as it is called, havmg been boiled 
its due time, enough of it is reintroduced into the mash -tun to raise the 
temperature of the whole to a point between 110° and 126° F., the 
mashing apparatus being, of course, still revolving. A few minutes having 
elapsed, a third part of the mash is again taken (second dichmcLische), and 
submitted to treatment Hi-miTar to that undergone by the first, save that 
the boiling is generally somewhat prolonged. On th^ being reintroduced 
into the mash-tun, the temperature of the whole mash dkould reach a 
point which varies between 134° and 149“ F. 

03 
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This second dici»w.£M8c7jc having boon thoroughly iuuorj)urated with the 
residue of the mash, tho mashing is stopped so as to allow some of tho solid 
constituents to subside previous to tho abstraction of a third portion, 
which in this mstance is more or loss clear wort, and is accordingly called 
the ImUermaiache. This is generally boilotl longer than the previous 
dkhnaiscMn, and, at any rate, the boilmg is continued until inspection in 
a glass shows tho coagulated proteins bonig precipitated in large flakes. 
This having happened, all tho Imitcrmaisclte is restored to tlio mash -tun, 
the contents of which are thoroughly well mashed once more, so tliat the 
final temperature may reach a point between 100° and 107°, this point 
being, as in the previous operations, higher in the winter than in summer. 
The “ rest ” that now ensues is as limited os jiossihio, being, in fact, only 
continued until the grains are deposited. The mash is, of necessity, much 
thinner than an infusion mash would ho, and the continuous treatment 
militates against that spongy condition of tho goods wliicli is a sitie qua 
non in the latter. Tho wort should then look dark above tiio grains — a 
reddish hue is considered a bad sign — and this will lia])pcn ordinarily in 
half an hour, or but little over. 

As regards relative stability, most German brewers would pronounce in 
favour of decoction beers, but then they aro thinking of infusion beers 
fermented on decoction lines, whereas either system has its own special 
method of fermentation (to be rof erred to later) exactly adajited to the 
tastes of its consumers. So that, considering infusion anti decoction beers 
as they are, our conclusions will be widely different, and may bo summed 
up as follows infusion beers aro far more alcohohti, while decoction beers 
contain a much larger percentage, relative to their onginal gravity, of 
unfermented, and tlierefore nutritive, malt extract. ^J'h(‘ latter, moreover, 
owing to the extremely low temperature at which they are femientt'd, are 
saturated with carbonic acid gas to a degree unusual in tho infusion 
product On tho other hand, the infusion l>o(‘r may claim much greater 
stabihty, bemg capable, if well brewcnl, of staiuling “ on ullage " {t e , on 
draught) for many weeks, of keepmg and improving m bottle for a con- 
siderable tune, and oven of supporting a voyage to India, w'lthout jirccau- 
tions other than those implied in attaining as comjileto an attenuation in 
cask as is possible. 

Decoction beer, on the other hand, is so incapable of supporting 
“ draught,” that the smallest cask of it would become undrinkable before 
an ordinary family could consume it , and if it bo bottled, unless the 
consumption is to be speedy, ‘ ‘ Pasteurisation ” (maintaimng at a tempera- 
ture of 140° F or thereabouts for a time) is an absolute necessity for 
its preservation. Yet again, no one can deny the refroshmg quality 
possessed by well-iced lager beer (with a temperature so different from that 
of the lukewarm fluid so often dispensed m summer over English bars), 
just as no one can deny the superior value, as a digestive stimulant, of 
light and well-attenuated infusion ale. Bottled decoction beer is simply 
dxau^t-beer in bottles, which perhaps has lost a trace of its conditioning 
gas and, if Pasteurised, may have acquired a foreign flavour, the so-called 
“ Bread flavour.” Stored for three months, or more, in large barr^- 
shaped store-casks (of 800 — 1,600 gallons) in which the complementary 
fermentation goes on, well-managed beers get super-saturated with gas 
and there is no need for the conditioniiig in bottle typical of English 



INTRODUCTORY 


21 


bottled beers of the old style, namely, those which depended on natural 
zipeuing, and not on artificial carbonation. 

Limited Decoction is the name applied to a process which b^ins on 
infusion lines, the mash, however, after a short rest, and after a certain 
quantity of strong wort has beea ^awn off, beiz^ boiled in the mash-tun 
itselE by means of free steam, let in under the fa^e bottom, the plates of 
which it is advisable to bolt down to prevent them from slufting. Thia 
boiling, especially where “ steely ” or hard malt is used, dissolves a 
quantity of starch, unaffected by the previous maabing temperatures. 
The mash is then cooled down wi4i cold liquor to a temperature at which 
diastase is able to act (say 160° to 165° F ), and this is got — 

the potency of that in the mash-tun having been destroyed by the boiling 
— by the remtroduotion into the mash-tun of that portion of strong wort 
which was run off soon after the completion of the mash, and which will 
have been mamtained at a temperature, in the meantime, not exceeding 
160° F. Upon its thorough intermixture with “ the goo^,” the freshly 
dissolved starch is rapidly converted* into dextrin, malto-dextrins, and 
maltose (malt-sugar) 

Those who adopt the method which is described above will perhaps 
notice a viscid formation of coagulated proteins, approximating to the 
Oberteig, the grey smeary substance which German brewers find on the 
surface of their “ goods ” It represents diastasic factors which have done 
their work, or, at any rate, in the extremely soluble condition of the starch 
are no longer required , accordingly its retention by the mash will be no 
disadvantage, rather the contrary, as its tendency in the ordinary infusion 
system is, after being coagulated at a temperature of 180° or thereabouts, 
to redissolve or break up upon prolonged boiling, and thus to become, 
if not eliminated during fermentation, a possible source of trouble 
to the brewer * The brilliancy of hmited -decoction worts is remark- 
able , but further working details must be reserved until the chapter on 
mashing. 

filftftnfiiTig and Skimming SysiSDOs o£ Fomentation. — ^Into one of these 
two divisions aU the various methods adopted in this country faU. Even 
the “ stone-square system ” of Yorkshire, so famous m that county, is 
but a specialised kind of “ cleansing," and the employment of subsidiary 
“ dropping squares,” frequently used in Scotland and elsewhere, will range 
as a modified and improved form of skimmmg. 

jariniTning Sjston. — ^The simplest and most usual form of this S37stem 
is that in which the fermentation is begun and ended in the same vessel 
(known generally as the fermenting vessel or “ gyle-tun,” or, according 
to its shape, as a “round” or “square”). The wort is “pitched,” 
i.e., yeast is added and “ roused ” in, when but a small quantity of the 
wort, at a temperature o 68° or 60° F., is in the round or square. The 
yeast is added at a rate varying generally between one pound and three 
pounds per barrel of the intended total quantity, the variation depending 
on the quality of the beer (heavily hopped or strong ales will always 
require more yeast than lightly hopped or low-gravity ales), and the 

* ErobaWy because tbey are unpeptowsed. Sut luuted decoction seems to^ have 
dropped back in favour, results equal at least jn fulness and extract bemg got by an mitial 
of 1 16“ F. -with stiff mash and by raising the same quickly after 46 minutes to 160“ F. — {Cf. 
L. Bciant in Joum. Fed. Inst. Brewing, 1902.) 
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proved strength of the ferment (yeast) in relation to tiie type of wort. 
The pitching-yeast should be thoroughly drained of beer, and bo knooked 
up into a homogeneous mass. This facilitates oxygenation or aeration, 
apparently a great initial stimulus to fermentation. Whitish-coloured 
yeast is preferred to that of darker hue, as indicative of the greater vigour 
of the multitudinous component cells in the aggregate, and also indicative 
of a freedom from resins and amorjihous matters. Home brouers, witli 
doubtful policy, use yeast which has been “ pn'ssed ” : some, again, phi 
their faith upon a preliminary mixture of the yeast witli wort at a higher 
temperature than the usual pitching heat of 58“ or G0° X'., rousing them up 
together in a separate vessel — a hogshead with the liea<l out will do for 
pmflll quantities — m which the woi't stands at 75® to 80®, the top being 
subsequently closely covered up lor some twenty minutes. At the end of 
that time the yeast will have greatly expanded, and tlio e.ontenls of the 
vessel are added to the wort running into the round or square, and the 
whole roused together. 

When alltlio worts are “ gathered ” or “ eolleetod,” / e , u’lien the two, 
three, or four “ coppers,” as the case may be, have all been run over tlio 
refrigerators into the fermenting vessel or vessels, the Excise ofiScer comes 
upon the scene, and by taking “ dips ” and gravities (previously taken and 
declared by the brewer) arrives at the number of gallons ohargeahlo for 
duty. 

If two or three distinct varieties of beer arc [iroduoed at the one 
operation the brewing is called a “ Parti-gyle.” 

When several fermenting vessels have to be (illed with the j^ame sort 
of beer, it is sometimes tlie practice, for convenience in assessing the duty, 
to have one large collecting or gathering-square, ib(‘ eontiuits of which are 
subdivided amongst the said fermenting vi'ssels about twt'lvc* or liftcen 
hours later. Nor docs the benclit of such a gathenng-s({ uai o stoji at nuu-o 
convenience , a good deal of coagulated, dirty-looking matter, which has 
nsen to the surface of tho otherwise silvery-whito hivul, gets eliminated, 
and the aeration wliich tho transference involves may also distinctly 
advantageous. 

A normal fermentation is one in which skimming-point (coincident with 
the beginning of formation of a yeasty, as distinguislied from a frothy lioatl 
is reached in about forty-eight to sixty hours from tho time of pitching. 
An earlier time would indicate fermentations moi*o or less rajiid ; a longer 
period, a somewhat slow type of fermentation. Early stages aro tho well- 
known ” canMowor ” and “ rooky ” heads, epithets which, when tho heads 
themselves have once been seen, will require no explanation. Tho heads 
rise steadily at first, say until the temperature has risen 5® or 6°, thon fall, 
rising agam, as a general rule, if allowed to do so, when tho yeast is forming. 
These early heads are sometimes, though li^t and frothy in substance, 
of relativdy considerable thickness, especially with medium-strong or 
strong beers, where the fermentation starts with vigour ; thus a head three 
feet or so in height, the wort beneath it being fi.vo foot or so in depth, 
would he nothing phenomenal. In the case of lightly hopped, light-gravity 
ales the head will rise much less, but in every case the worts ought to be 
covered with a coherent head, and must not show any tendency toward 
what is known as a Fieiy, or Boiling Fermentation. In the latter case, as 
the usual yeast-fonning point is approached, absolutely no “ head ” is 
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to be seen, but a rapid evolution of carbonic acid gas, as in a 
freshly opened bottle of soda-water, perhaps with the formation of great 
bladdery bubbles filled with the gas, which burst on the surface. This 
portent, though it may have no ill effect in the isolated brewing, which 
may even be better than the average of brewings, yet points to faulty 
conditions of mashing or otherwise, which, if persisted in, must end 
disastrously. 

Medium or rather slow fermentations (the latter being quite distinot 
from sluggish fenuentations, in which, owing to feeble yeast or unsuitable 
preparation of wort, attenuation comes almost to a standstill) generally 
produce a brighter “racking-sample” than quick fermentations are 
capable of doing. 

The temperature of the wort rises as fermentation progresses, and this 
rise is, of course, a result ot the energetic breaking up of some of the wort 
constituents by the yeast. The usual rate of rise — u^ess it be checked by 
the attemp^toi * — is 1“ r. for every brewer’s pound of original gravity, 
which, according to saccharometer indications, (^appears, broken up into 
the ultimate products of fermentation. 

Skimming-point, which slightly precedes the formation of a yeasty 
head. The exact point will vary with circumstances and in different 
breweries, so that experience must decide it. Still more difficult to settle, 
precisely is the question of temperature. If the 3 reast be vigorous, it may 
be kept low, but, generally speaking, it is advisable to let it run up— 
i.e,, to leave off attemperating a little before the first “ skim.” Some, 
however, advocate a reduction of temperature when the yeast is working 
off, as tending to the latter’s readier separation, an opmion which we do 
not endorse. A relatively low temperature means not only a yeast less 
liable to liquefy to nothing in summer, but also a beer more saturated with 
carbonic acid gas, and therefore more brisk on the palate, with more 
“ bite,” as some phrase it, and, in addition, with more hop-flavour ; but 
it must not be lost sight of that the greater vinosity often secured, notably 
m r unning beers of rather high gravity, by higher fermenting temperatures, 
often has a similar, and in their case a more marked effect in regard to this 
briskness on the palate. 

So that, though some beers of moderate gravity — for example, those 
of the now usual AK type — ^will, if the pitching yeast be good, rack 
perfectly clean and free from “ yeast-bite ” (a clinging bitter as dis- 
tinguished from the aromatic fugitive bitter of the hopl, even though 
the temperature at skimming-point be not over 66°, it yet seems preferable 
to give beers of high gravity and upwards a range as high as 68° F. 
Between these two extremes there is of course a happy mean for ordinary 
running beers of lighter gravity. 

But in any case, if low to moderate fermenting temperatures be the 
rule, the yeast, which, like all other orgsinisms, strives to get into corre- 
spondence with its environment (to annex a biological phrase), will soon 
adapt itself to procedure ; a procedure which is better adapted to 

* An attemperator is a copper coil, movable or otherwise, placed beneath the surface 
of the wort in the fermentuig- vessel, and through which cold watCT can be made to run, 
wbereby the brewer is enabled to control the temperature of his fermentatious. At- 
temperators sre mther movable or fixed, the former for small tuiu, the latter for large. A 
movable attemperator, even for an 80 -batxel tnn, is rather unwieldy. 
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produce yeast of uniform type and consequently of uniform activity, than 
is the constant employment of h^h heats. 

Hi^ fermenting temperatures have a tendency to cause irregular 
development of yeast-cells, some of which under their influence (though 
of course we are speaMng of extremely minute microscopic objects) are of 
abnormal size — a tendency which is further to bo noticed when yeast from 
strong worts is microscopically examined. 

Skimming is generally effected cither through Parachates or Giif&n 
Slnices. The former consists of a metal vessel (the x>arachuto) shajicd like 
an inverted shallow cone, with the apex removed, where it fits accurately 
into a tube that passes down through the bottom of the formenting-tun. 
This inverted cone, though in the centre of the tun, is capable of being 
moved up and down from the outside so as to bo on a level with the surface 
of the wort ; it also has a valve at the bottom, likewise capable of being 
opened from the outside, which being done, the yeast immediately flows, 
with more or less rapidity, down the copper tube aforesaid to a stage 
below. In the largest tuns this parachute is replaced by a sort of trough- 
shaped vessel, which extends from the centre of tho formenting-tun to its 
edge, and into which the yeast is puslied by skimming-arms made to 
revolve at will ; the trough, like the parachute, is generally connected 
with a down-tube through which the yeast passes Such an arrangement 
is of course only possible with “ rounds.” “ Squares ” may have a similar 
trough-shaped arrangement at one end, into which a skimming board, 
depending from a rod stretching right across tho square and travelling on 
wheels, pushes the yeast, or small squares may bo hand-skimmed. 

Sluices are fixed in an opening cut in tho sido of tho formenting-vessol, 
and consist of a movable flat plate of metal (with a projecting lip on tlio 
upper edge over which the yeast works), which is raised or lowered by a 
rack and pinion movement actuated by largo wheels on either side At 
the lower edge of the frame in which the flat plate works is a strip of hard 
wood (teak), backed by a slice of mdia-rubber bedded in tho frame ; this, 
if the face of the plate has been planed perfectly true, so that no leakage 
of wort ensues, will last for years. As the sluices aro sent out thoir cogs 
are undoubtedly too weak. The yeast, as it comes off, is collected in slate 
** backs ” or squares, resting on girders level with those which support tho 
fermenting-tuns themselves ; and this, if there bo ample space in the 
fermenting-room for the slate “ backs,” is a convenient arrangement, 
enabling the brewer, as it does, to keep his stores of yeast under easy 
observation. 

The first skimming, contaminated by coagulated proteins and hop- 
resin, which have come out of solution, as the maltose, which retained the 
latter in that condition, has been gradually decomposed into dextrose, 
and subsequently into alcohol and carbon dioxide, etc., should always 
be rejected from the “ pitching'” or “ store ” yeast. So should the last 
head, consisting largely of aged cells of inferior vigour, the miildlft {kim- 
mings alone bemg preserved for sahsequent pitching purposes. Skimming 
is continued — and both with parachutes and sluices mamifll or mechanical 
ski m mi ng is necessary — until it is judged that the la.T>guiahing fermentation 
has just strength enotigh to throw up one more thin head, of just sufficient 
thickness to shidd it from the germ-laden atmosphere. The decision is 
arrived at by removing a few square inches of tho head and inspecting the 
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colour of the fluid beneath. If this appears somewhat black the beer has 
“ finished,” and the head will be untouched ; if, on the other it 

looks brownish, the head, or a portion of it, be skimmed off. When 
there is any doubt, it is better to leave rather too thick a head to run 

the risk of skimming too “ closely.” 

Another advantage of the skimming ^tem is the ease with which the 
beers can be cooled down by means of the attemperator when the fermenta- 
tion is slackening. They should imdoubtedly be racked at a temperature 
not exceeding 68 “ F. in sximmer, and at one more nearly approaching 
the normal temperature in winter For coo ling down Tnfl.TrAja the beer, 
when racked into casks, much less liable to ” fret ” or ” kick-up ” — a 
defect manifested by the ejection from the bungholes of a dirty yeasty 
froth, and a more or less stubborn turbidity of the fluid. It also TniniTniaaa 
the risk of “ yeast-bite,” that very unpleasant after-bitter taste, already 
referred to, which is often imfairly attributed to the hops, experience 
seeming to show that the evil is greatly caused by the action of the alcoholic 
flmd at high temperatures upon the dead or inactive yeast-cells of the 
protecting head or those stiU distributed through the beer. Generally 
speaking, a very good time for b^inning this cooling down would be some 
twenty-four hours after the first skim, precautions being taken in very cold 
weather. It is more difficult to approve of the practice which some brewers 
adopt of keepmg attemperators running right up to and during the first 
twenty-four hours of skimming In beers so treated there seems a 
tendency, slight though it may be, to yeastiness of flavour. 

Dropping Squares or Bounds. — ^When these (which consist of a second 
series of fermenting vessels, similar in shape to those in which the fermenta- 
tion 18 started but placed on a lower floor than they are) are adopted, the 
point of attenuation at which the wort is discharged from the upper mto 
the lower series is that, or perchance a trifle higher than that, at which 
skunmmg would ordmarily begm ; and if there are more tuns than one 
of the same class of beer to be emptied into a similar number of subsidiary 
or “ droppmg ” vessels, the wort may be so run down as to blend m its 
passage. The contaminated first head will be left behind in the upper 
series of t una ; and though m cold weather there is a habihty to a check 
of temperature, this w’ill be amply compensated by the stimulus which 
the yeast receives from aeration and rousing 

fileansing System. — ^This is the system originally mamly associated 
with Burton-on-Trent and elsewhere , and the essence of it is that the 
fermentation, though beginning in open fermentmg- vessels as in the skim- 
ming system, is finished either m (i.) Burton unions, or (ii.) “ loose pieces,” 
with or without movable “ swan-neck ” pipes. 

fllftnuBing in Loose Pieces,” or movable casks, holding generally a 
little short of three barrels apiece, is conducted on much the same lines 
as that in the now quite obsolete method of fermentmg in carriage casks, 
except that they are not moved until the beer is racked out of them. And 
being always, when emptied, rolled out into the yard, they are capable 
of being thoroughly cleansed without the introduction of steam into the 
nei^bourhood of fermentmg beers, where it is objectionable. In this 
respect they have the advantage over Burton unions, and when fitted with 
swan-neck delivery pipes with feed-pipe combined, which do away with 
topping up by hand (often neglect^ at ni^t), th^ are quite equal to 
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in other respects ; indeed, we think, superior in this, that tho swan- 
neoks and feed-trough can he removed and cleaned directly the active 
ejection of yeast is over, the rest of the topping up, a very trivial matter, 
being done by hand. Those who are aware how contaminated soft wood 
(of which material the feed-troughs are made) becomes when in contact 
with putresoible and yeasty fluids, especially in the summer time, will see 
how important it is to avoid the risk of passing tlie later foods tlirough 
such a trough which has been m use all the time. Moreover, by moving 
them at a comparatively early stage, the same trough and swan-nocks can 
be used twice or thrice as often as they could bo othorwiso. 

These loose-piece swan-necks arc often so arranged that tlio same 
trough serves both as yeast receiver and feed-trough , but it is much 
better to have them quite distinct, tho only necessary precaution being to 
have the bottom of the feed-trough some inches above tho bungholes, so 

that the beer level may bo well up tlio 



swan-nock pipe Tho food-trougli (or 
tank) may be on tho same side as, but 
at a lower lovol than, tho yoast- receiv- 
ing trough, or upon opposite sides, as in 
the sketch The swan-nock piyio, a, has 
a tapering flange, ic, v hioh fits closely 
into the bungliolo of tho “ L’loco ” 
Tho swan-nock is not fitted centrally in 
the flange, which it justiionotratcs, and 
through tho wider part a small tube, p, 
passes, extending a foot or more below 
tho flange and an inch or two above it 
— ^just enough, indood, for a floxiblo 
rubber tube to be slipped over the pro- 
jection and to connect it with the leed- 
trough or tank, o n t. There may or 
may not bo a cock between out and 
p, but there should certainly be one 
between the feed-tank c b t and tho 


yeast-trough b t. 

The trough y t, of necessity, and o b t, if a trough (but if a tank a 
long pipe from it), will run the whole length of tho row of pieces, though 
for the sake of clearness only an end view, and that of one piece alone, is 
shown. Parts, however, which would be visible if the sketch were a 
sectional one are represented by dotted Imes. 

When the gyle (= the whole brewmg) is cleansed, tho racking pipe is 
put into the V t, whence it flows mto o b t, which, as has boon said, is 
connected with aU the “ pieces.” The outlet cook from tho formenting- 
vessel on the floor above is then turned on, and the wort flows simul- 
taneously into all the “ pieces.” ITeast will soon begin to pour out of tho 
swan-neoks into the yeast-trough, and beer (wort) will separate from 
it. The “ drawings ” (separated beer) can be run straight into the feed- 
tank, or, what is even better, into a smaU settUng-tank, to precipitate 
the floating yeast, and thence into the feed-tank. The latter, if the 
settling-tank co mm a nd it, can be kept at a constant level by m aa-Tig of 
a ball-cock arrangement. If the settling-tank (not shown in the sketch) 
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cannot bo arranged to command the feed-tank, then it -would mean 
additional can-work ; but the importance of even a relatively bright 
“ feed ” is great enough to be worth this. 

If the plan, referred to above, of removing the yeast-trough, feed- 
trough, and swan-necks when the fermentation has slackened (say two 
days after cleansing) be adopted, the pieces must stand upon a shallow 
stillion, or one of ordinary depth, which will receive any yeast which is 
afterwards thrown out. 

When swan-necks are not used, or have been removed as suggested, a 
small protecting cap of yeasty matter will be left covering each bunghole. 

Burton XTiuons. — ^With Burton unions the principle is the same, but 
there is a difference in detail. The swan-necks screw into metal bushes 
fixed in the bungholes, or what correspond to the bungholes ; the casks 
are larger, as a rule, generally holding four barrels, and are enclosed in 
a wooden frame and supported by trunnions, which rest on beanngs fixed 
on the said frame The front trunnion has a square head, upon which a 
handle fits for the purpose of making the casks revolve when they are 
washed, which is always done in situ. The feed-pipes (of 2-inoh bore) of 
Burton unions, instead of passing -through the bungholes, as is the case 
with the “ loose-piece ” swan-necks, are connected by screw -unions, which 
are permanently fitted in the heads of -the casks sHghtly above the centre. 

Burton unions are sometimes fitted -with attemperators, which, if 
fixed, ob-vlously increase the difficulty, already large, of washing them 
satis-factorily. Of course such attemperators are extremely -useful for 
coohng down the beer when the fermentation has begun to subside, just 
as they are in the skimming system, but otherwise they are hardly ever 
necess8.Ty. If the temperature be moderate in the larger fermenting- vessel 
at the time of cleansing, the temperature in the unions can hardly ever 
rise unduly, taking into consideration the fact -that the sub-di-vision of the 
gyle into the smaller vessels, winch are probably cooler than itself, 
generally mduces a reduction of temperature 

Cleansed beers, especially Burton-union beers, are often not racked 
direct from -tlie cleansing casks or unions, but are run into “ settling- 
backs ” or “ racking -backs,” which are now usually made of large slabs 
of slate. The uniformity of quahty and of attenuation gained thereby 
are certainly beneficial, but the fiattemng and nsk of contammation by 
exposure to a germ-laden atmosphere should, m our opimon, be minimised 
by using the t-anVa as “ racking-backs ” only, the beer being got out as 
quickly as possible. But if the -tank be used as a “ settling-back ” — i.e., as 
a vessel in which -the beer is left for several hours in order -that a certain 
amount of sedimentary matter may be deposited — Sn floating cover -will 
intercept many of the contaminating organisms ; yet, unless its cleanliness 
be very -thoroughly assured, may cause as much harm as it prevents. 

SViTriTviAi^ beers in shallow vessels are sometimes racked on the sixth 
day from the date of mashing, even when -the fermen-ta-tion is of so dow 
a type that -they have only “ come upon the skim ” on the third day, but 
-will certainly rack the cleaner for a somewhat longer stay in -the round 
and at -tmnperat-ures reduced as low as possible ; and all bitter ales and 
medium strong ales, e^ecially in cold weather, should have at least another 
day. 

FreservativdS (mainly -with a sulphur or a salii^lio acid base), if -they are. 
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used. Tmy be added in the racking-back (if the preservative is in a fluid 
form), and thoroughly well roused with its contents — ^though it is far 
better to add them, albeit more troublesome, in the casks just before they 
are ready for shiving up . The use of such preservatives should be unneces- 
sary for well-brewed running beers, but they are unquestionably useful, 
and largely used for those of a semi-stock character. 

Yorkshire Stone-square System. — ^This S3rstem, however interesting in 
itself, need not detain us long. It is one which is hardly likely to bo 
adopted save in response to local demands, and then only after investiga- 
tions on the spot. The necessary number and costliness of the vessels are 
against it. Besides the number of the squares other facts tell against that 
thorough cleanliness so essential for all brewery vessels — viz , the liability 
of the stone slabs, of which the squares are constructed, to crack under 
the influence of boiling water (owing to uneven conductivity), and the 
readiness with which limestone, of which the slabs consist, is attacked by 
the sulphurous acid of bisulphite of lime , so that practically strong 
solutions of the caustic alkalies are the only purifiers available. 

These are freely spread by mopping with cotton mops and left on for a 
considerable time — say two hours — so tliat a double inspection is really 
necessary before the brewer can feel sure of a thorough cleansing having 
been carried out. If this be consistently neglected a scale will form, 
behind which putrefying organisms wiU swarm and contanunate the wort. 
For such a dangerous scale chloride of lime solution, kept in contact for 
several days, is recommended as the best solvent ; but it is an unsatis- 
factory material to use where it cannot, from the nature of things, be 
followed by bisulphite. 

The arrangement and method are as follows. The principal squares 
(which are never large, and are surrounded by anotlier vessel containing 
water at moderately low temperature) are surmounted by much shallower 
squares, also of stone, and of the same diameter as that of the lower 
squares The large slab which forms the bottom of each upper square 
also closes in the lower square, and has two apertures, one a “ manhole,” 
about eighteen mches in diameter m its centre, the other much smaller, 
midway between this manhole and the side, and fitted with a pipe which 
runs downward towards the bottom of the lower square There is also a 
valve, which is closed at intervals, so that the feed (the upper square 
fulfils the part of the feed-tank nf the Burton unions) can be made inter- 
mittent. 

The worts are “ pitched ” in these vessels (though nowadays one large 
gathering square for a whole brewing would save an infinity of trouble in 
the matter of Excise declarations), the yeast being usually mixed with wort 
in the upper square, and then allowed to run into the lower, which has 
been filled or nearly filled. Periodical rousing, by means of a pump, the 
number of strokes given increasing with each repetition, is the corner-stone 
of the system. It begins between twenty and thirty hours after pitching 
with the pump-rousing of the contents of the uppqr square, which has had 
some inches of wort left in it, now, however, allowed, by opening the valve, 
to flow into the lower square. 

Subsequent pumpings are from the lower square into the upper, 
whence the wort flows back into the lower a ga-iTi through the open valve ; 
these pumpings being continued at interval till the degree of attenuation 
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is reached at which yeast begins to form. The yeast works out of the 
manhole into the upper square, and the beer or wort which separates from 
it flows back into the lower square through the valve. The latter is left 
open till the fermentation has nearly reached its term, when it is closed 
for good, any excessive formation of yeast being afterwards skimmed from 
the manhole. Owing to the enormous degree of aeration the 



mechanical rousing which the fermenting worts undergo, the range of 
temperature can be very much restricted j it rarely exceeds 6° as compaied 
with the normal 9®, 10°, or even 12° of ordinary systems. This limitetion 
of temperature has its advantage in the way of securing solid yeast without 
a tendency to liquefy in summer time j the s^iaration of yeast from the 
beer being, moreover, as a rule, facihtated by. aeration. 
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Cleansing in Fontos. — ^This development of tfao primitive cleansing idea 
need not be referred to at length. It is dropping into disuse m London 
itsdf, and even for stout and porter, for which it is best suited, so that it 
is hardly likely to bo taken up as a new departure. 

Under, or Bottom Fermentation, and Sedimentary, or Low Yeast. — ^Tho 
system of under focmentation («.e., in which the yeast sinks to tlio bottom 
of the gyle-tun instead of rising to the surface) at very low temperatures 
IS the sequel to the decoction system of mashing referred to on an earlier 
page, and is, perhaps, chiefly of importance to English readers from the 
fact that the voluminous researches of Continental inquirers, which arc 
so frequently translated for our beneflt, have been made mainly, if not 
entirely, with reference to this method and the type of yeast belonging to 
it. There is also the further consideration for large exporters that decoc- 
tion beers, fermented on this plan, arc, according to consular reports, 
gaining ground in many tropical markets, for which their low alcoholic 
percentage and hght character unquestionably fit them, although, as has 
been pointed out, special “ Pasteurisation ” — or maintenance for a period 
at a temiierature ot 140° F., which for some reason or other has not 
answered with bottled “ infusion-beers ” — is required to make the article 
stable enough for long storage, even in ordinary climates. 

Heat is kept down not only by the low temperature of the insulated 
fermentmg-room itself, maintained at 38° — 39° P. by overhead series 
of brine-pipes, but by movable attemperators in which chilled brine or 
ice-cold water circulates, a cleanlier and simpler means than the old metal 
vessels, filled with ice, formerly kept floatmg in the liquid. 

The light head is never more than an inch or two thick, ft may bo 
that slow fermentations give better results in. quality and flavour, but the 
ideal eleven to twelve days is in practice often shortened to a week, after 
which the product is let down into store-casks (barrel-shaped vessels of 
about 25 barrels capaeity) lined with “ pitch ” or melted ri'sin, renewed 
annually, to mmimiso leakage of carbonic acid. The pitching, whether 
the pitch be flared off or sprayed, as the later use is, must bo completed 
out of doors, and the movmg of the store-casks w a weighty operation. 
Before filhng, *’ chips,” long strips of hazel, sterilised if previously used, 
are added to afford attachments for the yeasty matter, and a mercuric 
pressure-gauge may be inserted for recording the rismg pressure. A store- 
cask once tapped is emptied without delay. The cellar temperature is 
32° F. or under. 

Yeast Pressing. — Assuming for our purpose that a brewer without 
recourse to yeast pressing incurs a loss of 3% on the quantity of wort 
collected and finished beer racked. On the assumption also that by the 
adoption of yeast pressing he reduces the waste to 2%, the saving is 
obviously a barrel on every 100 brewed, which quantity the brewer obtains 
free of duty and without cost for materials. We are not contending that 
36 gaUons of brilliant filtrate will be secured from the yeast outcrop of 
a 100-barrel gyle ; we are merely basing our calculation on this favourable 
factor. 

Advocates of the system aver that the barm ale recovered can, and 
is, sold at the full wholesale price obtaining in any particular area, and 
that the saving ^ould be regarded as corresponding precisely with that 
figure, the only deduction from which should be the esqienses involved 
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in worldiig the pressing plant and, of course, the outlay in dehvery. The 
former, as already indicated, is a question of no minor importance where 
due r^ard is paid to the numerous items of cost, as particularised. But 
it is a false theory to base the saving on the sellhag price of the beer. It 
is true that the brewer receives the full economic benefit of whatever 
proportion oi the naaximum Excise allowance for waste is reduced, but the 
only other economy is that from the saving secured of the cost of the 
materials employed in producing the beer recovered as yeast pressings. 
If a brewing is accidentally lost or spoilt, apart from the question of duty, 
the loss should not be based on the wholesale selling pnce on the assump- 
tion that the beer was available for sale distribution In the event of a 
contingency occurring such as that mentioned, the brewer would at once 
proceed to make good his loss by replacing the beer wasted with another 
brewing, at the cost of precisely the additional materials employed to 
adjust matters. True economy of manufactirre, however, cannot be 
assessed by viewing from the commercial standpoint alone. The technical 
aspect of the question must be also considered. In the arguments for 
yeast pressing a consideration of the general character of the filtrate 
appears to be ignored. It is assumed that the quality of the filtered barm 
ale IS equal to that of the bulk of wort to which the filtrate is returned. 
The type of ale separated from yeast by means of the machines formerly 
m vogue had so little to recommend its addition to the ordinary brewery 
produce that on many occasions an examination of the filtrate prompted 
a resolution to discard it as the safest policy. 

Separating Yeast by Centrifa^ng. — ^The mechanical separation of 
“ barm ale ” from skimmed yeast has been practised by brewers for 
generations. Eiltration by pumpmg the yeast through a press upon 
which cloths attached to a series of plates placed vertically in an iron- 
nbbed grooved frame, capable of withstanding internal pressure, served 
its purpose, and the system is stiU practised in numerous breweries both 
in this countr}’ and abroad. Although a brilhant filtrate invariably 
results, this, however, is the only redeeming quality in an otherwise 
disappomting fluid of poor character. The flavour of the ale is harsh, 
acid, and intensely bitter, due to the pressure generated m the process 
ruptunng the yeast cells, thus yielding then* fluid contents, which, more- 
over, reduces the specific gravity of the filtrate, and it is seldom that the 
latter reaches to the fermentmg- vessel at above 3 brewers' barrels. The 
filtrate is highly putrescible, and must be added direct from the press to 
common beers while these are undergomg the course of primary fermenta- 
tion. It is no wonder, then, that in many instances brewers have 
discontinued the filtration of yeast by the tjpe of plant briefly described, 
arguing that the labour required and the efficient maintenance of filter 
cloths were items of cost which discounted the saving accruing, and that 
whatever was gained m beer was lost in the lowermg of the general 
character of the gyle to which the filtrate was added. An improvement 
on the filter in which the yeast, under pressure, is driven through a senes 
of cloths is the Atmosphenc Filter, worked on the vacuum principle. 
Tri this ^^stem the barm ale is separated iti vacuo from the yeast, which is 
placed in shallow layers on cloths placed on perforated plates resting 
horizontally on the upper portion of the fih;er. The filtrate is less harsh 
in flavour that obtained from the pressure plant, but the atmo^heric 
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filter in some instanoeia is not free from tho fault of unreliability of results. 
In a still newer system the skmuned yeast passes direct from tho parachutes 
to a receptacle, where the fiimd portion is separated from the solid contents 
and the former is raised without loss of time by the compressed CO^ 
naturally present to tho fermenting- vessel, tlio contents of which are stiU 
in the height of fermentation. 

The centrifuge principle of fiOltration has boon improved enormously 
wi thin the past year or two, and tlio appliance lias boon applied with 
complete commercial and technical success m a number of industries for 
the separation of minute solid particles from liquids, and oven liquids from 
liquids in tiie case of emulsions, and the centrifuge has now entered the 
field against filter presses m breweries for tho recovery of barm ale. 
Hitherto the cost of working centrifuges has operated against their more 
rapid adoption, havmg regard to tho comparatively small quantity of 
yeast and beer which ordinarily requires to bo acted upon in breweries. 
But in yeast factories dealing regularly every day with large bulks of 
produce the centrifuge has loug been successfully employed, and in 
consequence details of its capabilities and calculations as to cost of 
workmg and maintenance, spread over a number of years, are now 
available for brewery, technical, and commercial roquiroinonts. The 
advantages of centrifuging is the cleanliness and cxtronio rapidity of tho 
process, which enables the separation ot yeast as skimmed off tho fornicnt- 
ing-vessel and the return of tho separated beer almost directly to its 
original- vessel , the brilliant filtrate, fresh and in an environment of 
carbonic acid gas, with very little of its original flavour unpaired, roaches 
the fermentmg-tun at the moment when admixtuio with tho main contents 
is assured. 

A knowledge of tho principle upon w'luch tho centrifuge is worked is 
highly interesting Its action depends upon, m tho first place, the 
differential effect of centrifugal force u])on the two states of aggregation, 
and the final discharge of the clear liquid from tJic bottom fmtlct upon 
the filtering action of tho screen under tho influenec ot the impelling 
centrifugal head. The filtering surface is maintained in a state of 
unimpaired efficiency by the automatic and instantaneous ceuirifugal 
transference of any deposited sohd to tho iJoriphery of tho maclime, and 
requires practically no attention, tlie various manufacturers — there are 
several types of new- type machinas on the market — claiming that in 
respect to the advantage just mentioned, and others, a centrifuge is 
superior to every other type of filter. 

The top inflow of the mixture requiring filtration and the bottom 
liquid discharge set up a transporting ouxrent through the machine which 
results in a defimte rate of deposit of particles of the same specific gravity 
in layers of zones, according to thoir size. This “ grading ” of the 
separated solids is of great utdity in many instances, although in the 
brewing industry it is of less importance, except in that the lighter solid 
portions of beer and yeast, such as resins and amorphous substances of a 
colloidal nature, are separated from the heavier substances. The grading 
is under perfect control, being adjusted for different substances by the 
speed of rotation of the machine or the rate of input of the mixture. 
The cycle of operations is as follows. Assuming the centrifuge is empty 
at rest, the container fixed inside the cage, and the feed-pipe turned 
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on to the distrihutmg plate, the clutch pulley is brought into eiigagemeiit 
and the machine brought up to its Trorking speed — from 1,000 to 
1,700 r.p.m. The feed is then turned on and the mixture is allowed to 
flow in. AftCT a certain time — ^from five to ten noinutes — the catch plates 
are full of solid, the feed is stopped, and the machine is run for three to 
five minutes to allow the liquid still in the cage to filter throTigh the screen 
and to compact the solids. The clutch pulley is then disengaged and the 
machine brought to rest by applying the brake. 

A simple explanation of centrifugal force may be here given. If water 
be placed in an open can and the can swung in a vertical plane in such a 
way that the can is upside down in the top position, it is found that at 
moderate speed the water remains in the can and does not fall out. This 
is not because the time is too short to allow of such a faU, for if a tap be 
opened at the bottom of the can, water issues upwards from tbia when the 
can is in its highest position. This is a simple example of centrifugal 
force. It will be readfiy imderstood that the quicker the speed of rotation 
the more quickly does the water come through the tap. All hydro- 
extractors which expel liquids through openings in a rotating cage or 
drum apply this sunple principle. There are far more hydro-extractors 
built and used of this form than of aU other forms put together. 

Backing, Fining, Storing. — Betuming to infusion-beers, the tempera- 
ture at which the beers are let down for racking into casks should not in 
summer exceed 58 °, or lower if possible, and in winter should bear a 
closer relation to the mean temperature of the season. The contents of 
casks, when the racking temperature has been high, contract under the 
influence of cold, so that some flattening ensues ; moreover, the tendency 
to “ kick-up ” IS (as has been said) greater in beers than have not been 
cooled, owing to the presence of certam protein bodies, which the higher 
temperature keeps in solution, and which consequently go out of solution 
in the cask itself, instead of being left behind in the fermenting or racking 
vessels, combined with the action of floating yeast, which remains 
suspended m greater quantity m the warmer fluid, and is stimulated by 
the inevitable aeration at racking. 

F inings are now added before the beer is dispatched, a system that 
ensures greater regularity, and the brewer saves on every cask the quantity 
of beer displaced by the finings. A common fault is to add too large a 
quantity. A quart, irrespective of strength or gelatin content, we fear 
is the usual amount, and should be the maximum. All carriage casks 
should be shived with partially bored shives, which permits of the almost 
instantaneous formation of a spile hole, thus facilitating the injection of 
finings or ale for “ topping up ” prior to forwardmg. “ Finings ” depend 
upon the mechanical action which dissolved ismglass exerts upon the sus- 
pended particles, more or less affecting the brightness of the racking sample. 

Tainglftsa, of which the best qualities are simply the swimming-bladder 
of the stuigeon properly cleaned, is imported from Brazil, Russia, and 
elsewhere. Penang is a good variety. “ Leaf ’glass ” — ^as it is called for 
shortness — is a thin transparent variety, while “ Pipe ’glass ” has about 
the shape of a rather small sole, but is two or three times as thick. A fair 
amount of transparency should be looked for even here. 

The iainglftaa is always dissolved by acids — ^tartaric, sulphurous, or, 
more rarely, acetic, as such. 
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The first-mentioned acids — ^tartaric and sulphurous — ^havo each of 
them their defects as “ cutting ” agents. The former, though Yielding an 
effective finings, encourages the development of mildew; the latter 
though protective against mildew, produces a much leas efficient finings! 
Ismglass " cut ” with tartaric acid, to which a proportion of sulphurous 
acid is afterwards added, yields finings the power of which is not much 
lessened, while its resistance to mildew is sufficient for all practical 

piloses. Eocho alum is sometimes added in the place of sulphurous 
acid. 

Whatever the agent used, a series of tubs— hogshoiuls with their heads 
out— will be wanted. Sieves of varying mesh, iittwl with revolving 
brushes, will also bo ro(]^uirod to rub the swollen isinglass through, the 
coaxsest naturally being used m the passage from the first tub, or hogshead, 
to the second, and the liner ones in succession, llio rubbing tiirougli 
sieves aerates the finings, and may perhaps l)o a factor m their action. 
The process should not bo hurried, extending from a month or thereabouts 
six weeks. In any case, the finings should bo distinctly acid ; neutral 
finings, advertised as containing no acids, arc not to l)o recommended. 
The following are recipes : — 

• Tartanc-Acid Finings. — ^To 7 lb good isinglass, ooverod 

with water, add 1 lb. tartaric acid, dissolved m warm water, and 1 gallon 
to IJ gallon of sulphurous acid, the latter added in small portions at 
intervals. Add fresh water as the isinglass swells. Rul) through coarse 
and fine sieves, with intervals between each rul)l>ing Make up to 
72 gallons. 

Acetic-Add Finings.— To 1 gallon acetic acid a<ld 8 gallons of water , 
mix well, and add 8 lb. iKinglass. FroBh water to l)o addeui every morning, 
well “ rummaged ’’ until of the couHi,stoiicy of cream 
1 lb isinglass makes 10 gallons of finings. 

Both of these finings will mix better if diluted with boor , and if two 
or three parts of the latter bo addod to one part of either of the above 
preparations, a quart of tlio diluted finings ought to siifrico for a liarrol of 
any beer ^ Any manufacturer of brewers’ scientific instruments can 
supply a simple viscometer ” for checking the viscosity of linings. 

Senu-Stock Beers — Storage. — Palo and other bitter and semi-stoek ales 
are generally hopped down ” or “ dry-hoiipod ” with 1 1}). or loss, per 
parrel, of hops, which ought to be of really choice quality. It is sufficient 
]ust to break them apart ; in fact, the less they are rubbed the bettor, both 
because of the risk thereon depending of producing ‘‘ fliers,”— z.e., small 
fragments of hop which draw up with tho alo, — and of the danger of 
than the normal supply of disease ferments. 

^ The casks of pale ale and other semi-store beers generally have, from 
Migeneies of space, to be “ ridden ” — i.e., piled some three tiers high. 
Xne plan has this disadvantage, that tho porous spiles usually inserted 
camot readily be removed and replaced by tight spiles— as should be done 
directty their function is duly discharged ; this function simply being 
to let off any great excess of carbonic acid gas, which may sometimes be 
generated in quantities powerful enough to bulge or even to force out the 
hea^ of casks. But anything resenabling flattening of the beers should be 
avoided, the presence of the gas, even to the extent of excessive briskness, 
being preferable to the reverse. 
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The Burton brewers, as is well known, stack their ales in the open 
yard ; but this plan is only adopted from exigencies of space, an equable 
temperature of 66° or 66° F. giving proliably the most satisfactory 
results with semi-store or store beers. It goes without saymg that their 
temperature at the time of racking should not exceed and may well he 
lower than Hie mean storage temperature ; and there are good grounds 
for supposing that the mamtenance of the latter at a fairly uniform point, 
such as the one indicated, is one of the requisite conditions for confirming 
the satisfactory flavour of the beer. 

Our knowledge of the “ secondary ” or, as it seems preferable to call 
it, the “ complementary ” fermentation, which takes place after the beers 
are racked mto cask, is as yet inexact , but we are free to suppose that a 
rise of temperature in the store stimulates the less desirable types of 
secondary yeast into activity, to the prejudice of the preferable types. 
That there is plenty of range between unsuitable and desirable types may 
be imagined from the fact that no less than sixty varieties of yeast alone 
have been identified in certam top-fermentation commercial yeasts ; and 
this takes no account of other organisms, the bacteria producing lactic and 
butyric acids (Pasteur’s /ermeafe de maladie), which certainly have their 
influence, so detrimental to the stabihty of beers, enhanced by an elevated 
temperature. 

And here we may perhaps anticipate what we shall have to say under 
the head of Fermentation, so far as to remark that whereas there used to 
be an excessive tendency, when M. Pasteur s epoch-making researches first 
came before the pubhc, to attribute to the malign influence of bacteria all 
the lUs that beer, and especially bad beer, is heir to, so there is now eager- 
ness to attribute them almost entirely to the so-called wild-yeasts first 
differentiated by the distinguished Damsh savant Hansen. This differentia- 
tion was effected by contmued observation of the uays in which various 
types, carefully isolated, strive to provide for the continuance of their 
species, when existing in a condition utterly unsuitable for their develop- 
ment in the ordinary way — c g , by budding as yeast doe^. This ‘ second 
string to their bow,” as it were, which yeasts, and some bacteria, have as 
a protection against extermination, consists in the power to sporulate, 
t e , form spores, ivhieh may be looked upon as analogous to seeds, and 
which are capable of re-developing mto ordinary cells ivhen suitable 
nutritive conditions recur. In the case of yeast these &pores are associated 
together in a cell, known as an asrus, w’lthin the yeast -cell itself, and are 
therefore known as ascospores. The production of ascospores, implying, 
as it does, an absence of nutrition, is accordingly a starvation phenomenon. 

By observmg the number o± days in which ascospores w’ere produced 
by yeast-colomes grown from single cells, and cultivated under artificial 
conditions (viz , on blocks of sterilised plaster-of-Pans, standing in shallow 
saucers of water and covered with a bell-glass), and at varying tempera- 
tures practically ranging between 37° and 95° F., and, moreover, by 
noting the periods at which films, or pellicles, are formed by such colonies 
on the surface of fermentable fluids within the same range of temperature, 
Tra.n«ftTi has been able to separate yeast into a number of varieties, one of 
which (SaCGshaiomyces Ceievisise} is the alcoholic yeast pure and simple, 
while the influence of some of the other varieties is markedly unfavourable, 
either in the direction of producing a bitter flavour (yeast-bitel or turbidily. 
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Hence the idea of cultivating a *’ store ” of pitching yeast from a single 
cell (of course of S. Cerevisise), which has been practically carried out by 
Hansen at the Carlsbei^ Brewery in Copenhagen, and adopted in many 
“ under-fermentation ” breweries. 

For the English top-foimentation system it is alleged to bo unsuitable, 
on account of the difficulty of inducing the essential complementary cask 
fermentation ; but it is noteworthy, as stated by Hansen, that the same 
objection was raised in the first instance by M. Jacobsen, the public- 
spirited owner of Oarlsbcrg, and again, that this system of feimenting 
with yeast cultivated from a single coll is now in full swing in the top- 
fermentation breweries of the north of France, respecting which wo ahsU 
have more to say later on. But the grounds on which its unsuitability is 
maintained may be briefly stated as follows. 

Substances known as ISIalto-Dextrins or Amyldms, and aUeged to be 
the final mash-tun products of the hydrolysis of the higher dextrins 
(».e., of the changes during which they absorb the dements of water), have 
been isolated from malt-wort. Further, the said inalto-doxtnns are 
apparently unfermentable by absolutely pure yeast (Sacdiaromyces 
Cerevisise), but are fermentable by other types, notably by one (Saccharo- 
myces Fastorianus n.), and possibly by Sacchaiomyces Ellipsoideus I. 

The elongated cells of S. Pastorianus may bo observed in the deposit 
of really sound bottled ale, but two of its sub-varictics are credited with 
distinctly noxious influences (yoast-bito and turbidity respectively), and, 
similarly, a sub- variety of S. Ellipsoideus seems also to bo a factor in 
persistent turbidity. Therefore, however desirable, nay necessary, the 
fermentation of the malto-doxtrins in cask may be, tlie baphazanl employ- 
ment of all sorts of yeasts, some beneficial, others tlio ivverse, seems but 
a clum.sy way of obtaming it. The better way might be to start tlio 
primary fermentation with the type otjmre yeast licst adapted for s])httmg 
up maltose by the action of Iffaltase (present in yeast) into dextrose, and 
the latter into alcohol and carbonic acid gas, and to introiluco at racking 
an equally pure culture of the secondary yeast most favourable to comple- 
mentary fermentation. Note, however, that a tonila isolated by Clausson, 
and by him named Biettanomyces (u. p. 329), is by him stated to bo tlio 
factor in conditioning British store-beers. 

Complementary fermentation is stimulated by rolling about the casks 
into which the ale has been racked, once a day at least, for several days ; 
and this rolling is of great utility when the beer is required to “ come 
round” quickly for b^ottling purposes. Indeed, a beer that has not 
acquired cask condition, is not really fit for bottling, the true cntcrion of 
fitness (ripeness) being spontaneous clarification, the ale falling, Jis is said, 

“ starbright.” 

The briUiancy noticed at the moment of re-racking of a “ racked 
bright ” beer speedily gives place to a perceptible haze, doubtless due to 
the fact that certain previously dissolved protein constituents are thrown 
out of solution by the oxidation which has taken place, and which the beer, 
deprived by the racking, fining, and re-racking of a portion of the carbonic 
acid gas, its natural protector, was unable to resist. A aiTnilfl.r result will 
supervene in bottle when the brightening has been unduly hunded. Either 
a copious precipitate will be formed, or the ale, freely oxygenated, will 
leave much to be desired in respect of brilliancy. 
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Ptimiilgy etc. — It is now the general custom of brewers to prime their 
ales and black beers, especially the lattei>— that is, to add a solution of 
some sort of sugar to the finished beers with the object of impartmg body 
or briskness, or both. Excise regulations will only permit a solution 
having a specific gravity not exceeding 1-160 (water= 1-000), which can 
be made by diluting a portion of standard syrup, weighing 14 lb. per gallon, 
with ttvice its volume of water. It is desirable, however, not to get the 
specific gravity below 1*150° — or, as it is called for brevity, 150°, dropping 
the 1 000° — ^which is in itself too low already for the most effective results 
to be attained. The sugar used may be glucose, if briskness rather ^ba.Ti 
added sweetness is desired ; but if it be wished to make the beer more 
luscious on the palate, then “ Invert-sugar ” is the material to employ 
(the laevulose, which forms some 60% of it, being less susceptible than its 
remaining glucose to speedy fermentative changes). 

Vatted Beers. — ^Though vattmg, as a practice, is very considerably on 
the decrease in all districts and unknown in some, there is stiU suficient 
demand for old vatted beers in the West of England that we cannot 
altogether pass them over. But there are vatted beers and vatted beers 
The desire for a more rapid turnover of capital, and the concentration of 
busmess in the hands of large firms, has tended to modify the character 
of vatted beers, which instead of being, as of yore, of very high gravity 
and supplied to customers unblended, “ one way ” as it is locally called, 
are now valued chiefly for the character of age which they impart to the 
running beers with which they are blended. And as they are blended in 
proportions often not exceeding 25% of old to 75% of new, it is obvious 
that the old ethereal vatted character is a secondary consideration ; the 
first requisite being that the vats should come into rapid blending con- 
dition, which implies a high degree of acidity, short of sourness however, 
coupled with absolute brilliancy, — ^results which are generally secured by 
fermenting beers of no remarkably high gravity at high temperatures, 
and supplementing this with rousing and aeration 

But real vatted beers, on the other hand, — i e , beers brewed to keep in 
vat — should never show an excess of acidity beyond what the gravity can 
easily carry If of high gravity — and high gravity is a sine qua non — they 
become mellow and vmous, and far more exliilarating with age, m spite 
of the fact that their alcoholic percentage may actually dimmish, or, at 
any rate, not increase after the stage of vat maturity is reached. This 
stimulating quahty has been attributed to the formation of certam 
aromatic ethers, amongst which that of ethyl acetate — ^formed by the 
action of acetic acid upon ethyl alcohol (the ordinary alcohol of fermented 
beverages) and of ethyl butyrate (winch m its pure state is used to flavour 
“ pineapple ” rum) — ^may be mentioned as theoretically possible. Acetic 
acid, the product of the oxidation of alcohol, is always an increasing 
quantity in old vatted beers, so that the above-stated view respecting the 
formation of compound ethers is not necessarily s haken by scientific 
evidence respecting whisky, in the case of which similar changes were 
apparently incorrectly thou^t to take place.* Nor should the possibility 

* Dr. Sdl, ezajuined Before a gntiftiy Committee, stoted, in answer to Sir 

H. Itoscoe, that compound ethers and higher alcohols were not increased in whishy By 
age i that a slight change took place in the acids. But that the increase m Talue which 
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of the action of this acid, or of its aldehyde, upon any unfermonted residue 
of maltose, resulting in the formation of ethereal compounds, bo altogether 
overlooked. However this may bo, it is certain that by ago strong weU- 
brewed vatted ales and stouts acquire a flavour attainable in no other 
way ; and accordingly a chance may occur for cultivating a trade in this 
description of ale, or, what is more likely, that it may be wished to keen 
vats of strong old stout for blending with running black beers 

Stout Vatting — ^Keeping up Vats. — If the ordinary English system bo 
followed, vatting is perhaps the only way of getting that amalgamation 
of flavours which characterises a perfect stout, that slight sub-aoidity 
combined with palate fullness and that close and creamy head, or, in the 
case of English stouts, rather that close hrenen head so* admired by con- 
-^^^ordingly a blend of a vattod stout, having a high original 
gra^ty (the higher the hotter), with a sweet running porter of low gravity 
wiU certainly give far better results than a single stout sent out unblended! 
A few words, then, as to the best method of keeping up the uniform 
standard, of the vatted product. 

The best plan for that purpose seems to bo that two, throe, or more 
vats, according to the trade, of similar quality sliould be on hand that 
, the vata is fit for use, a portion of its cf)ntentM, not exceeding 
on^fifth, should be drawn off and used, after which the ullage should be 
made up as rapidly as is convenient with now boor of the same quality - 
should bo drawn upon to the same extent, and filled 
up likewise ; after which comes on the turn of the third vat, or if the 
trade be sm^l, of the first vat again, and so on. Ultimately, of oourso, 
be drawn off completely anti thoroughly eionnod ; but 
It ullages bo carefully avoided, they can bo many times refilled. 

We have now gone through — cursorily, of coursts m most instances — 
all the usual operations in the multhouso and tlio brou ery ; and though 
we may have possibly turned aside occasionally to give explanations or 
^ustrations a little apart from actual practice, albeit intimately connected 
therewith, the section in the main deals with manipulative details, and 
thus clears the way for the consideration of more advanced problems or 
more exhaustive treatment in later chapters. 
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BA.RLEY, MALTING AND MALT 
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Morris's Conclusions — ^Mb. J. O'Sullivan’s Views — ^Aspabaqin — ^Data fob 
J uBQINQ GoOE lyCALT PNEUMATIC MALTING ECONOMICS OP IMaLTING. 

Bapley, owing to the quantity of starch it contains, and the activity of 
the diastase, is by far the most important gram for the purposes of the 
maltster and the brewer. It belongs botanically to the family or natural 
order of the Cframimce The generic name is Hordeum, 

In some varieties grouj^s of three flower-bearing spikelets are found 
alternately on eitlier side of the central rachis, each of which is fertile. 
When tins is the case the six-rowed barley (represented by two varieties, 
Hordeum vulgar e and Hordeum hexastichuTn) is produced. When the two 
lateral spikelets of each triplet are infertile, then a two-rowed barley results. 
The varieties of the latter used in Great Britain are represented by 
Chevalier,* having a relatively narrow ear with long internodes {H. 
distichum) and Goldthorpe, a w’ide-eared barley with short internodes 
(var H, zeocriton)y developed from the old Fan or Peacock sort. Sundry 
crosses of these {e Standwell) are cultivated. A firm of well-known seed 
specialists have succeeded in producmg a six-rowed Chevalier , it would 
perhaj^s, then, be more correct to say that the lateral rows of a two-rowed 
barley are in a state of dormant fertility rather than actually infertile. 
Natural cross -fertilisation probably never happens, because the organs 
of reproduction are enclosed in cuticle until fertilisation has been effected, 
so that extraneous pollen cannot influence it , but artificial hybridisation 
offers some mteresting problems. It was, for instance, found that a 
“ strong reaction,’’ got in crossing widely divergent types, gives ncher 
results than a cross between two closely resembling sorts, albeit a careful 
watch has to be kept on the many tunes recultivated progeny so that any 
plan tie ts showing defects — B>.g*y weakness of straw — may be rejected, and 
permanence of the best type secured. An unfortunate cross, made with the 
best intentions, may cause reversion to a remote type of an undesirable 
progenitor. 

The so-called four-rowed barley is not now supposed to be a distinct 

* This "barley waB originally cultivated, by the Bev- John Chevallier- The Trade 
generally, however, continue upon all occasions to employ the Prench orthography — 

** Chevalier." 
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vadety, but Esoourg&m (winter French) has its clefts curved (and dividing 
grains unequally) like the seeds from the lateral rows of six-rowed ears. 
Thus in a sample of E. wHgare, free from admixture of any two-rowed 
sort, the proportion of curved clefts to straight (those of the central row) 
are about 2:1. Califomian and Chilian Chevaliers often have admixtures 
of H. vtdgare, a six-rowed type ; while some oriental barleys, consisting 
mainly, as do “ browing sorts ” generaUy, of U. vrdgare or H. hezaatkJmm 
( brewing ” Chihan) have mtermixtures of two-rowod. Ouchac is a two- 
rowed sort, supposed to have been first seeded from Chovalier, but not 
free from admixture. Goldthorpo’s may generally bo distmguidiod by a 
bristly lachilla (the spikolet attachment springing from the xa<diis or 
central axis of tlie car), true Chevaliers by a nearly smooth one, but not 
uniformly. 

Awnless barleys are known, but, though long, tough awns tend to 
lever oflE the end of the outer palea to which they are attached thov 
probably serve some useful purpose. ^ 

We have pleasure in submitting in the sucoooding pages probably the 
most comprehensive list of Colonial and foreign barleys, with their 
characteristics, yet published, and supphed by the courtesy of Charles E. 
Sutchfie, Junr., of Mirfield, Yorks. 

Anatomy of the Barley-Corn.— For a minute description we shall refer 
our readers elsewhere,* but for a due understanding of the cliemical and 
other changes which are the result of malting, it will bo necessary to deal 
briefly with this part of the subject. 

The first tlnng to notice is the husk, consisting of the palese—outor 
and i^er palea ; tlie latter being on the cleft or venteal side, the former on 
;^e side where the acrospire grows, or dorsal huIo, ovorlajis the inner palea 
Beneath the paless are two skins, the very delicate pericarp, and beneath 
this the third skm, the testa. Botli under the microscope exhibit cellular 
rtructure, the elongated cells of the former lying in tlio direction of the 
length of the gram, whde those of the testa arc more or lcs.s at right angles 
to it. The larger portion of the grain beneath these skins consists of tiio 
endospemw the white and floury portion oontaming the bulk of the starch 
granules, interspersed with mtrogonous matter, packed within compart- 
ments, so to speak, of cellulose. 

At one end of the grain is the germ, consisting of the acrospire or 
pluimua, with the embryo rootlets. This is separated from the endosperm 
by the soutellam, the membranous lining of which, called the epithelium, 
supports a layer of cells emptied of starch. 

It only remains to mention the aleorone layer, fairly conterminous 
with endosperm and germ on the dorsal side, a layer of small irregularly 
angled c^, having dark-coloured granular contents within thickened cell- 
walls. The contents seem to consist mainly of proteins and fatty or oily 
matters, but appear to be insensitive to Millon’s reagent, the recognised 
The purpose served by this aleurone layer was long 
dOT^tful, but the ^earch^ of Mr. Horace Brown and Dr. G. H. Morris 
tmd to show that it contains a reserve store of nutriment for the kete use 
of the young plant. 


khJr graieiaJ guides can be got ttan Messis. Matthews and ILott in 

fcneir POok» Tke IM^croscope m tb.e Brewery and Maltlioiise/’ 
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Accordingly, it is not until the endosperm has been, nearly eshausted 
of its starch (at a stage of growth far beyond that allowed in the malt* 
house, when in fact the young plant has attained a growth of nearly four 
mches), that the aleurone cells show marked signs of dissolution. 

The operations of malting should not be regarded as isolated ; they 
comprise merely the £rst, though by no means the least important, steps 
in the wider process of brewing, and the criterion of success is to be found 
rather in the superiority of the final product, beer, than in the closeness 
with which the article malt approaches any given standard. 

Thus in certain years a large degree of growth may be most desirable ; 
in others, when the malt m the mash-tun undergoes hydration ■with 
greater, and in some cases, with almost too great facility, a less degree of 
growth would suit the circumstances better This readiness of hydration, 
or, in other words, this capacity for yielding a wort rich in maltose, and 
therefore of a highly fermentable character, is doubtless dependent on 
conditions other than the grofrth of the acrospire alone, and indeed rests 
upon vital conditions of the plant itself, which we have, in general, but 
limited means of gauging. But we may safely conclude that, under certain 
circumstances, e.g , & favourable seed time, a sunny, genial summer, a 
sufficiency of ram to keep the plant in vigorous growth, and a dry harvest, 
the amount of starch stored up in the cells of the grain 'wiU exist m a much 
higher ratio to the nitrogenous constituents than in dull, cold, and rainy 
seasons. 

We know that starch is formed m plants from carbon, derived from 
the carbomc acid which plants separate from the air ; that the chlorophyll 
of their leaves, under the impulse of sunhght, in some mysterious way 
forwards this carbon to be combmed with fre-sh oxygen and hydrogen 
(elements of the water which the plants imbibe) to foim starch, which is 
then stored away in the plant, as the cells which make up its tissues are 
formed, and it is thereforc not hard to see wLy in dull and wet feeason.« — 
moisture in itself being an all-impoitant factor in diasclving matter and 
thereby inakiTig it assimilable by plants — the mtroj^enous constituents of 
the soil should be much more largely represented in the grain than is the 
case in seasons of ampler sunshine ** 

British Malti-ng Barleys. — ^The points of a good malting barley are : 

(1) Good condition, by which is meant dry, well-handling grain free from 
any smell of heating or of mould, and with no trace of growing grains ; 

(2) bnght colour , (3) absence of cracked or skinned corns or grams, and 
of gr ains of which the germ has been injured or removed in thre shi ng ; 

* But it has been noted where the chlorophTU-anr.ount, evitecoed by deeper green 
plants, is high, as at edges of plots or in patches where seeds ha've been destroyed, that 
the mtrogen percentage of the gram will also be higher than in the rest of the crop. The 
coincident ranker vegetative growth, with coarser gram, affects the physic al c ondition of 
the starch grannies, perhaps accentuating differences m the " physical texture " of parts 
of the same grannie, which modem research detects (.i. pp. 43-it *, thus rendering the con- 
■version- products more difficult to ohtam, and necessitatmg /orcia^ treatment on the floors. 
T.^a of extract is here involved throngh increased respiration ” ; moreover, it is calcu- 
lated that fully 62^0 o* mtrogen-bodies, unlike the carbohydrates they repine, are 
removed by rootlets, hrfd ha<^ in “ grains,” or precipitated on boiLng, dnnimshing xhe 
extract perhaps 2 to 4 brewrar’s lbs. per quarter, atthe temjpenOure of the BrUts1tmaA4vn. 
So, Prof. Wal^ of Chicago, claims to show that a malt from a barley •with over 

a of proteins may, ■with prop^ handling, yield a beer sounder and mote resistant to 
one from a barley with 10% (the limit of Windisch and other Geimaiis}, the older 
view will be assumed in ■(he next few pages. 
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(4) Uveoness in size ; (5) finely wrinkled or curled skin, which denotes 
good npeniug ; (6) the gram, when out across, should exhibit a white, 
mealy surface ; (7) plump and full grain, inasmuch as the larger the 
grain the lower the ratio of crude proteins, and the higher the ratio of 
starch. 

8;pratt-ArcIter . — ^The grain is slightly larger and brighter coloured than 
Archer ; finely wrinkled skin. A hybrid variety obtained by crossing 
Archer and Spratt ; more prolific and of higher malting quality than 
Archer, and earlier ripening. 

Broad-eared Varieties— IloUthor^pe — ^The gram is large and well 
coloured One of the best broad-eared varieties in regard to both yield 
and wfllting quality. Earlier ripening than Archer, and slightly earlier 
than Spratt-Archer. 

Plumage-Archer — Grain large, good colour, and finely wrinkled skin. 
A hybrid variety raised by crossing Plumage, a broad-eared barley, and 
Archer. In 3 deld and quahty occupies a leading position among present- 
day varieties. 

Archer-Ooldthorpe, — Gram is large, good colour, and very finely 
wrinkled akm. A hybrid variety obtained by crossing Archer and Gold- 
thorpe. In yield not equal to Spratt-Archer, but in quality it equals, or 
possibly exceeds, that variety. 

Maltster — The gram is large and of good colour. A hybrid obtained 
by crossing four varieties. The malting quality is good. 

Spratt . — ^This grain is large and coarse, and mainly of feeding quality. 
Spratt produces heavy crops usually. 

1917. — ^The gram is large and of good colour, but the quality is inchned 
to coarseness. 

Auiwmrtrsown Varieties — ^Varieties of this class are distinguished from 
those sown m the spring by the character of the ear, ni which there are 
six rows of fully-developed grains mstead of the usual two. Two well- 
marked divisions of wmter varieties exist, one similar to the broad-eared 
varieties in the two-rowed classes in so far as tlie grains are set closely 
together on the stalk of the ear, and the other similar to narrow-eared 
varieties in the greater distance between the grams in the ear stalk . Both 
the divisions are usually knowTi by their botanical names, Hordeum 
hexastichum and Hordeum vulgare, but the latter has the addition of the 
much commoner names of ‘‘ here ” or “ bigg.” 

Dense Ears (analogous to broad-eared varieties'), Hordeum hexastichum. 
— A good winter hardy variety, the gram of which is fairly large. The 
crops obtained are heavy, and the quality medium to very fair quality. 

Lax Ears (analogous to narrow-eared varieties), Hordeum vulgare, 
“ bere ” or “ bigg.” — ^The gram is of fair size, but somewhat imevenin 
shape, owing to the twist in the four lateral rows of the ear. It is a good 
winter barley variety, producing heavy crops of grain of from medium 
to very fair quality. The gram of both classes of winter barley is liable 
to be thin, and not, as a rule, of particularly good malting quality, but 
on suitable soils heavy crops are produced which, if not up to malting 
standard, can be used for feeding. Winter barley resembles the varieotaes 
usually sown in spring in its inability to exist m badly-drained soils, and 
as, naturally, to live throu^ the wettest months of the year, this essential 
condition of well-drained soil must not be overlooked. 
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(1) Factors ^hidi comiiibiiie to produce Barleys having high Nitrc^n 
Content. 

(a) Too rapid or delayed matuiatioa.. 

(6) Hot and dry season. 

(c) Wide planting, ■with resulting lack of root competition. 

(d) Too rich or heavy soil. 

(e) Esccessive use of nitrate manures or nitrogenous fertilisers used 

alone without admixture of other manures. 

(/) Large and coarse corns. 

(gr) Original strain or breed (it high in nitrogen). 

Some of these factors are avoidable, and o'thers, such as ■weather, are 
not. 

(2) Qualities usually associated ■with Baxleys of high Nitrogen Content. 

(0) High’ tillering rate when aown. 

(b) Lower extract in resulting malt. 

(c) Defective maturation. 

(d) Steehness. 

(el Lo^uer bushel weight. 

(f) Larger corns and higher density. 

(g) Tendency to heat on malting floor 

(k) Greater loss hy respiration on malting floor. 

(1) Sluggish modiflcation when malted. 

(j) Higher nitrogen in finished malt. 

(k) HLgher soluble, uncoagulable proteins m wort. 

(Z) Tendency to fret and haze in finished beer 

(m) Tendency to better head retention in fi.nis>hed beer. 

(a) Lower ratio of grain to straw. 

With reference to the soil upon •which the mo-st suitable barley L 
grown — ^and some knowledge on this pomt often determines a purchase 
•when buyers are ■well acquainted W'lth their distiict We may perhaps 
quote from one of us what was wTitten thereon in the article referred to in 
a footnote. 

'* Barley grown on sandy loams or land with a calcareous subsoil 
generally ans^wers best in ordinary years. The ••oil should be moderately 
cohesive, well dramed, though not exces'sively dry. In hot, diy seasons, 
however, very heavy barley of good quabty may be secured even upon 
cold and heavy sods.’’ As no cereal perhaps shows more readily than 
barley the effect of manure in determining a plentiful yield irrespective of 
quality, so the heaviest crops of barley are got w hen it la sown after turnips, 
fed oflf upon the land "Where, however, the lease allow s it, and the land is 
good enough, it is of far finer quality when a crop of wheat is mterposed. 
The wheat, coming after the turnips, makes good use of the plentiful 
fertilising matter in •the soil, and as it roots deeply, while barley roots 
comparatively shallow, they derive many of their morganic constituents 
foom different strata . The barley grown after wheat, then, is the brightest 
in colour ; hut to raise it successfully requires a good cultivation of the 
l a nd , as well as liberty to deviate from the ordinary four-course rotation. 

The succession of barley to wheat makes it a matter of some difficulty 
to exadioa-te weeds. Tactors, not unimportant in the production of a good 
sample of barley, are the qiuility and gLuaniliy o£ fbe seed-0(»n employed. 
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ATany farmers are still so tmenliglitened as to thmlc that the off-corii 
(tail barley) or any rubbidi available is good enough for the purpose, wlnle 
excess in quantity * nuHtates against that free “ tiering ” which so helps 
the development of the plant. “ On the whole, li^t lands yield a barley 

ncher in starch, or, what 
is equally important, 
whose starch-cells are not 
so crowded together by 
the pressure of a thick 
husk or cell-walls as to 
be obdurate to the 
successive influences of 
the malting and mashing 
processes. 

Heavy lands, or those 
heavily manured with 
nitrogenous excreta, will 
produce such unkmdly, 
steely barleys, over-rich 
in protein bodies. It has 
been proved, over and 
over agam, that the 

Barley Dresser. nitrogen in the gram in- 

creases with the quantity 
of the nitrogenous constituents of the soil ; m excess — and this applies 
still more forcibly to chemical manures, such as mtrate of soda or 
ammoma salts — ^mtrogenous manures stimulate an excessive develop- 
ment of straw, whereby the barley easily gets “ laid ” before it sears 
have stored up their full supply of starch. 

Grading. — A. uniform sample generally weighs better than one in which 
small and large grains are intermixed. Irregularly developed grains, even 
of the same growth, will germinate irregularly ; and it would certainly be 
preferable to mix growths uniform in size and general character, than to 
steep barley, just as received, without removing “ the tail,” by grading or 
screening. 

Over-ripe giains, moreover, will lose germinative power to the extent 
of 60% in extreme cases, but unfortunately over-ripeness is a defect not 
very easy to detect. On the other hand, barley cut before it is ripe always 
grows badly, frequently turns mouldy on the floors, and has a strong 
tendency to heat m store. Such barley, however, may be detected by its 
shrivelled husk, want of plumpness, and, most of all, by its greenish colour. 
Sometimes a sample of barley gives evidence of two distinct growths 
having occurred in the same fleld, caused probably by uneven sowing. 
The sMn should be thin and slightly wrinkled ; rough, harsh skins indicate 
barleys which will be sluggish to work, and will give dissatisfaction in the 
brewery ; a barley vrith a good skin and m good condition flows easily 
throu^ the fingCTS when handled. 

Hote should be taken of any admixinie of other grain, such as wheat 

* Three hoshels of seed per acre (jplauts 6 to 8 inch^ apart) give good results asjregaxds 
“ kindliness.” Thin seedr^, espeo^y on strong soils, is 'wrong. In an extreme case 
(plants Ifi inches apart) a huge crop of straw with very large coarse grain resulted. 
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or oats, also of the pieseaoe of the seeds of vetches or weeds, which lower 
the value of the sample, and which there should be machines in every 
znalthouse to remove. Chacked or broken grains, if numerous, ought to 
influence the rejection of a sample, being great enoouragers of mildew. 
Grains, broken in halves, are most frequent after very hot, dry summers. 
Skinn^ grains (the husk having been skinned off by setting the threshing 
Trmr^hiTift too close) are worse than broken grains, because no machine yet 
invented can remove them. Blackened tips show that the grain has heated 
in stank, and become what is termed “ mow-bumt ’* 

Reddish* or bluish spots indicate germination on the stalk before 
haxvestiiig, or, at all events, unfavourable conditions at maturing. Such 
a growth is likely to occur when a harvest-time of prolonged wet follows 
weeks of heat, as was the case in 1881 ; but heating in stack is a result of 
the gram being carried too soon, to which there is indeed great temptation 
in wet harvest weather, though that is the very time when less hurry and 
a larger amount of field-room is required to thoroughly kill the increased 
undergrowth of clover. 

Apart from the added difficulty of drying up the undergrowth, a shower 
of rain does barley no actual harm Some indeed hold that the grain 
which has been subjected to a moderate shower is mellowed thereby, and 
rendered more “kindly” to work on the malting-floors ; others think 
that the same effect attends the night-dews, which settle so heavily after 
a warm summer’s day, and which, of themselves, deepen the hue even of 
first-rate barleys towards the end of harvest. 

Apart from the indications referred to above it will bo necessary after 
a wet harvest to keep a sharp lookout for grains which have ^eady 
germinated, in which case floor germination may not, and often does not, 
occur. In extreme cases rootlets may .still he perceptible adhering to the 
grain, or they may have been rubbed off by chance or of malice afore- 
thought. In that case a broken appearance of the germ end, where the 
rootlets have protruded, and a faint .sw'elling of the acrospiro will he the 
only indications. It is, however, far better to make purchases only of 
respectable vendors (nor will these cautions even then be thrown away), 
for rogues wnll generally endeavour, even when tlie sample has been 
satisfactory, to send in the bulk of inferior quality, and the transaction 
thus occasions positive loss or annoyance, and inconvenience if the bulk 
be rejected. 

The contents of a grain of barley bitten or cut across should be white, 
floury, and mellow, neither glassy (vitreous) nor of a bluish tinge ; in other 
words, the barley should be kincQy. Glassiness of the interior is an indica- 
tion of the grain having been grown upon a soil too rich in nitrogen ; or 

* Bed mould on barley is actually due to FiLsarmm hordei^ of whlcli Messrs. Matthe-ws 
and Lott, m their valuable work, “ The Microscope m the Brewery and Malthouse/* say : 

It IS occasionally seen among inferior samples of barley, appearing as a crimson or pink- 
tinted patch on defective corns, usually at the germinal end ; fortunately it does not spread 
to healthy corns, but it may be commumoated to crushed ones.” Its appearance, however, 
is quite familiar enough on growing floors at tunes. Jdrgensen, refeirmg to Matthews* 
researches on this mildew, says that probably its spores are of greater weight and adhere 
more closely to the original mould growth than the spores of other organisms — e.p., penicil- 
lium, mucor, and asper^us, which are very readily disseminated. The student is advised 
to study it under the microscope, using the one-eighth or one-tenth objective. Itscrescent- 
shaped spores form a capital object, and are not to be mistaken for those of any other 
motdd. 
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it might be suggestive of excessive artificial drying (sweating), possibly 
snflScient to injure the geiminative power. 

Tests for Gterminative Fow^. — ^The vitality of tib.e germ may be 
decided, Stopes points out, by removing with a knife the skm over the 
germ end and then observing it with a weak lens. If alive, the germ has 
a juicy, fairly firm, yellow appearance, like freshly churned butter, or 
greeni^-yellow, like wax. If it be reddish-brown, dark or black, dned or 
shrivelled, it is dead , if grey, of low vitality. 

A correspondent recommends that to facihtate inspection of the germ, 
a handful of the grain should be put into a glass of boiling water, m which 
some washing soda has been dissolved. The outer husk will soon spht, 
it is said, and can be removed by careful washing. 

The above writer (]VIr. Stopes) also gives what he calls a " fire-test,” 
directing it to be carried out as follows. Take from a clear fire a large red 
cinder, which should be kept by an artificial blast at a uniform heat. Drop 
the kernels on, one or two at a time If the corns dance about they may 
be taken as ahve, those that cremate passively are dead. The above 
manipulation seems a little crude ; an iron pan, heated to redness over a 
Bunsen burner, would surely answ'er better. 

Of other tests for germinative power, the only one perhaps which does 
not take too long for the puipose of forming an immediate opmion is that 
devised by Haberlandt. First of all, however, it should be repeated that 
the embryo (visible to the naked eye if the grain be cut in two endwise) 
is situated at that end of the gram from which the rootlets protrude. It 
IS the plant in miniature, wdth dormant stalk and rootlets, ready to start 
mto hie under suitable conditions Accordmg to Haberlandt, an inspection 
of the embryo with the microscope, or even with a hand magnifymg-glass, 
will decide the germinating power of the grain wuth tolerable accuracy. 

When a section is taken, he goes on to say, of any healthy embryo, 
the rootlets look greenish or pale yellow (sometimes distinctly yellow) 
the plumula being a fair yellow. If treated with sulphuric acid, the yellow 
colour becomes very distmct m grams of healthy germinative power after 
two to five minutes, while if the process be oontmued five to ten minutes, 
the embryo assumes a rosy-red hue. In grains, on the other hand, which 
have had their gemunative power weakened or destroyed, the rootlets 
are of a dull yellow or grey, blmsh-grey, or brownish, while the plumula 
is either of a dirty grey, w:^tish, or brownish hue The more completely 
the gennmatmg power has been destroyed, the darker is the colour, as 
a rule. 

TWs test, whatever it may he worth, is easily applied. Our experience 
with it, however, is that the change of colour to something approaching 
rosy-red occurs much more speedily than in five minutes. One obvious 
drawback is that it is quite impossible to assure oneself by collateral 
e^eriment that the grams which come well out of the test really possess 
(though it is most probable that they do) the germinative capacity 
for them. There are also “ gennmators,” obtainable from dealers in 
brewers’ and maltsters’ instruments, in which 100 ooros can he tested. 
Th^, however, are only of servioe when time for germinati on is available. 

(toldewe’s Patent. — A useful apparatus giving as speedy results as 
poss^le where the question has to be answered by actual germination, 
consists of a porcelain tray, having a hundred indentations, into which 
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as many grams of larley are placed, germ-end do^mwards. A g1«ga Tessd, 
into which the tray fits resting on a ledge moulded to receive it, is nearly 
filled with water. A little sand is placed 3 round the barley, a piece of felt 
put over to prevent too much evaporation, and the whole apparatus is 
then, placed in a moderately warm situation. 

The actiial rouime of malting, with a few simple, practical hints thereon, 
occupied part of the first chapter , sundry points, however, require further 
development. 

Sit^tion o£ the Malihonse in relation to that of the Szeweiy. — ^It is 
nowadays customary and highly convenient to construct a malthouse or 
malthouses in line with the brewery itself. This not only gives uniformity 
of facade, hut saves labour in more ways than one. A Hne of rails running 
into the brewery yard can be used to bring in coal and barley ; power for 
hoisting barley can he got from the brewery engine or an independent 
gjM-engme, of ampl& power if only a sufficient pressure of gas can at all 
times be relied on, or preferably from electnc motors ; and the malt, 
measured up for each day’s “ grist,” can be conveyed by means of an 
elevator or screw directly mto the “ hopper,” which feeds the malt -mills. 

With regard to the space reomired for cistern, couch (which, though not 
obligatory, as of old, is stiU often used), and working floors, hir. ScameU 
gives for the cistern about 12J cubic feet per quarter of barley, for the 
couch 13J- cubic feet, and for the working floors from 180 to 200 square 
feet for every quarter. A later authority says that a 15-quarters house 
should never have less superficial area of combmed couch and floor room 
than 2,600 feet, if in the south of England, or 2,400 m the north of England 
or Scotland. This is only 173 to 160 feet per quarter, couch space included 
In another place, however, he says that ISO feet is probably the safest 
average , and tliat in the construction of the cistern it is not wise to allow 
less than fourteen cubic feet per quarter. 

He would allow a large malthouse a width up to 50 feet, beyond which 
structural inconveniences occur, as well as the difficulty of keeping the 
growing floors at a uniform heat, which difficulty is found, the first 
authority cited holds, in widths of over 40 feet But this must depend a 
good deal on the freedom of the ventilation [The proportions of kiln- 
floors will be treated later, p 5 ] 

Tiles are freely used for workmg-floors, but, unless most accurately 
laid, have this drawback, tliat the jagged edges formed will catch the 
turmng shovel at almost every forward movement, and thereby cause 
the crushing of many grains, besides harbouring putrescent matter 
Stuart’s granolithic floorii^, a sort of hard concrete laid m large slabs, is 
excellent. Cement is held by some to promote a use of temperature. 
Hor is iron, as a material for cisterns, theoretically right, it being of great 
importance to keep the temperatures of the steep liquor from approaching 
freezing-point. Brick, Imed wdth concrete for economy, or with glazed 
white tiles for efficiency and cleanliness, is a preferable arrangement. 
This is as regards rectangular cisterns, hut the cone-shaped cistems 
T^erred to in (Chapter I. have so much in their favour, that one would 
thiTik twice before constructing a cistern on the older pattern. 

Sweatii^, Steeping (Bohemian Hflethod), Sprinkling. — Sweating of 
barley on the THIn, if necessary, should be oariied on at a temperature not 
much exceeding 110^ !F., the barley under treatment remaining from 
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ei^teen to even thirtry-six hoTira on the kiln ; and it is doubtful wkether 
grain, which, has already begun to grow, woxild be benefited by a sweat ; 
certainly, in that case, for safety’s sake, the heat employed should be 
extremely moderate. But the value of “ sweating ” lies in the fact that 
the moisture content of every com is reduced to one uniform standard, 
ensuring more equable absorption of water in the steep. The temperatoze 
of the steep-liquoi is also, as has been said, a point worth attention. In 
winter it is often far too low, seeing that a temperature approaching 
freezing-point seriously imperils the vitahty of weakly grains, and must 
delay the germination even of the stronger. A temperature ranging from 
50° to 55° F. IS a good mean, and the thermometer may be advantageously 
used at intervals. The duration of the steep is, luckily, an open question 
now (see p. 6). In Bohemia a method, involving double steeping, 
prevails. 

Advantage of Barley Sweatii^. — Some interesting experiments were 
mfl dA as to the increase of germinating power after sweating and storiug. 
An inferior sample of barley was used, but the advantage is clearly 
demonstrated in the following figures • 

TJnsweated barley . . 46% ungerminated corns. 

Immediately after sweating . 31% „ „ 

16 days after sweatmg . . 12% „ „ 

30 days after sweating . . 7% „ „ 

Showing that sweating m itself improves the sample but after a 
month’s storage the effect is very much more marked. This barley 
contained an average moisture, and therefore it would appear that 
barley, even m dry seasons, should be sweated before storing. The 
cheapest and most efficient machine is the well-known barley sweating 
drum, which used only one quarter of the coal taken by a kiln, and 
requires labour to fill, turn or empty, and completes the sweatmg in 
nine hours 

Malt kilns are used for barley, but they are very expensive, with 
these very much cheaper workmg machines available , also the use of 
malt kilns delays the commencement of the malting season unduly. 

In carrying out the system thus referred to the gram is first steeped for 
twenty-four hours, then the cistern is emptied, and its contents put in 
conical heaps about five feet high. These are sprinkled every hour with 
cold water, and so turned that the moisture may penetrate every part. 
During this time the cistern is cleansed, and fresh barley steeped, which 
is also, after twenty-four hours, placed in similar heaps. Then the first 
charge is thrown back into the cistern and steeped again for six or eight 
hours, after which it will have swelled enough and absorbed sufficient 
moisture. There are really no practical difficulties in the way of trying 
this method, and it appears to us that the combined aeration and moisten- 
ing which take place have everything to recommend them. Certainly 
excessive steeping is detrimental, as it extracts valuable substances. 

On the other hand, sprinkling, as adapted to the English system of 
steeping, cannot fully compensate for too ^ort a stay in cistern, it being 
hardly possible to manage it with regularity enough to promote an even 
genmnation under those circumstances. 

And as regards the prevention of monld--' thou^ it may be greatly 
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limited by thoroughly cleazuzig and washing the barley before steeping it, 
preventing by means of curtains or otherwise the access of the dust 
separated by the screening-machines, and by attention to the temperatuxe 
of the steep hquor as well as by duly changing the same, and, last but not 
least by working at temperatures as low as are consistent with free 
germination — ^nothing can be more valuable than bisulphite of lime. A 
10 /o solution is most useful for washing cisterns whenever emptied, and 
most destructive of lactic ferments and spores of mould which swarm there. 
With doubtful barley, a gallon in the steep liquor to every 20 or 40 quarters, 
according to circumstances, and, even for sprinkling, liquor containing 
1% to 2% may be used without danger. It is useful, too, for bins, hut 
there we must own to a liking for a fresh-slaked lime applied hot with a 
whitewasher’s brush. 

It is said that chalk or lime is sometimes used in the steep liquor to 
reduce acidity and lessen the eidractiveness of the liquor. But in view cf 
the fact that the continuous production of lactic acid in the same medium 
gets more and more restricted by the opposing agency of the lactic acid 
already produced, and that such production can be renewed by the with- 
drawal of the latter, which is best effected by causing it to combme with 
a base to form lactate of lime, its benefit in the former case would be more 
than questionable. 

In the latter respect some advantage might accrue if the cha-lk were 
freely soluble m water, seeing that, m spite of some opinions to the con- 
trary of leading authorities, of whom Mulder was one, the advantages of 
hard water for steeping purposes are pretty generally recognised, on the 
ground that soft water extracts more of the soluble constituents of the 
barley (over 1% more), of which the loss of the phosphate of potash is 
the most senous. When hard water is used the phosphoric acid appears 
to form hme compounds, ■which remam insoluble until acted upon by the 
lactic acid, always present, if in minute quantity, m the amsh-tun. In 
any case, potassic plio>i)hate is of extreme importance m the nourisliinent 
of the yeast Moreover, the extraction of soluble phosphates and their 
presence in the steep water favour the development of mJdew, and that 
soft water more speedily than hard should give evidence of incipient 
putrefaction is a necessary consequence, implying more frequent changes 
of liquor Such changes, from the point of view of the increased dram 
upon the soluble constituents of the barley, are so far undesirable 

It is farther supposed that the lime and magnesia salts in hard water 
form insoluble compounds with some of the otherwise soluble albummoid 
bodies in the steeped barley, and that the effects of this combination may 
be traced m •the greater readmess ■with which the worts “ break ” when 
boiled in the copper. This, it must be confessed, seems difficult of proof, 
nor does tiieie seem any reason why such compounds, if they exist, should 
be more insensible to the inffuence of the mash-tim lactic acid than the 
lime pho^ha^tes are. 

«<ldle corns” or "liebaoks ” are the grains which do not grow, and 
innbidpt not Only thosc which are really dead, hnt those of such weak 
vitahty, that anything short of the most favourable conditions prevent 
their germination. 

Thft capacity for growth of “idlers” of this second class is greatly 
inoreaBed by a moderate kiln-drying of the barley (sweating) before steep- 
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Lng it. Amongst the rialcH attendant upon an excessive proportion of lie- 
backs are, first, the po^ible introduction of insoluble starch into ^e worts, 
starch which would, be rendered soluble by the subsequent boiling in the 
copper, or even by b^gb sparge-heats when the diastase has become so 
crippled as to be unable to effect conversion ; although it is true that lie- 
backs which have passed through the malting process without germinating 
have their insoluble constituents modified into a somewnat more soluble 
condition. A second risk is their liability to mildew. 

It is asserted that “ Uebacks ” of the second class may have their 
germinating power so much increased by the kiln-drying to which malt is 
subjected, as to be capable of growing if afterwards planted in the earth. 
Imperfectly cured malt, which has grown, but not produced, for some 
i^esLSonor other, the normal number of rootlets — seven — is, we have good 
reason to believe, predisposed to do the same, only producing in the soil, 
however, the rootlets it failed to produce on the floora. In the case of 
extreme unsoundness and very faidty undercuring, moisture and warmth 
may even induce the acrospire to ^rout in the air. 

The presence of a considerable proportion of idlers may be detected by 
pinning a sample from the floor upon the open palm, held at an angle of 
30“ to 46“ ; the hand being then slightly shaken with an up-and-down 
jerking movement, the growing grains will drop off first, leaving most of 
the ungerminated corns behind 

•gil-nfi and Eiln-dzying. — ^Kihi-diying is often very carelessly performed, 
the malt being loaded on far too thickly. Moisture is a very potent factor 
in the chemical decomposition of bodies , so that a high temperature, if 
dry, is found to be much less energetic in breaking up the various protein 
5i.T>f^ non-protein bodies of the malt than a much lower moist one. By 
placmg the malt thickly on the kiln, especially in a very wet state, the 
conditions most favourable for this decomposition are maintained ; and 
in the case of the proteins this breakmg-up is attended by a fermentative 
or putrefactive action, tending to the development of an excess of acid. 

The extreme limit of depth should har^y exceed six inches, under 
ordinary conditions ; beyond this, unless with some special suction 
arrangements, it is very difficult to dry the malt thoroughly ; and if the 
floor be turned again and again * with, the idea of aidmg this i-esult the 
evil is only intensifled, such a plan being, as it would seem, one arranged, 
of set purpose, to keep the moist vapour circulating continuously from the 
damp stratum below to the dry one above. 

]^lt is less coloured by kdn-drying, the drier it is when the curing 
temperature begins, and vice versA. Thausing says if a pale vmous beer 
hke the Bohemian is required, the moisture of the malt must be got rid of 
at a low temperature, and thoroughly, before the stronger heat is applied, 
hut that if a dark, sweet, full-mouthed beer, like the Bavarian, is wanted, 
not only must the green malt be more fully germinated than in the former 
case, but the ouring heat must be appli^ at an earlier stage — ^that is, 
before the malt has become so dry that the aromatic bodies and the 
substances which help to make the beer “ full-mouthed ” are no longer 

Green midt, therefore, should not he turned, though it may trant lightening to alloy 
the Tapooi to escape. Moreover, in kilns of ordinary construction the bottom layer is 
often spoilt, and taruing Tnll only intensify the damage. It should, therefore, be freely 
" foxk^” but never turned till d^ to the touch. 
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capable of developiaenb. But this carried too far may mean, formation 
of empyreusaatic products tending to oveipo'wer the pleasant flavour of 
the cured malt. 

Besides the increase of colour due to caramelisation the application 
of high temperatures Trhen the grain is moist may cause a loss dinstasio 
energy, the proteins Trhich constitute that force being prone to coagulate 
under the influence of heat Trhen in a semi-dissolved condition. Steeliness 
is also an eflect of such a premature application of heat. But at the same 
time we know that the hotter the air is the more moisture it will carry 
away ; and it is possible, to some extent, to utilise this property, counter- 
balancing the higher temperature by freely a dmitting larger volumes of 
air. Sence, it is evident that much more air is required during the drying 
than during the curing stage. 

Last’s Patent Ventilators. — ^This useful innovation, though primarily 
intended for general ventilation, yet, having considerable influence in 
bringing the green malt, just before loading on, into a suitably dry con- 
dition, and being, moreover, dependent on the draught created by the rush 
of air through the kiln-fires, may be conveniently referred to here. With- 
out in any way limiting or interfering with the usual lateral ventilation 
through windows. Last s arrangement consists of a senes of openings made 
in the short wall at the kiln -end of each floor (a dozen or more to each floor), 
which openings have falling doors to close or partly close them — ^these 
doors heing either actuated singly, which is the hest plan, or all together 
by a rod. 

At the opposite end of each floor (the ci&tem end) are other similar 
openings, but less numerous, for admitting the air from outside, and 
obtaining a longitudinal air-current The fuimer ai»ertures open out into 
a space surrounding the kiln, the dunge, in fact but a dunge carried up to 
a greater elevation than is usual, so that w lien the kiln-fire !■» well alight the 
air rushes down to it through these openings w ith erreat velocity 

Construction of Kilns. — Kilns should have a drying surface of at least 
25 square feet per quarter (Mr Stopes think<? the area ■should never 
exceed one-fourth or be less than one-<5ixth uf that of the growing-floors, 
and in another place says that no pale-malt kiln '.hould have a lo'^s area 
than 33 square feet per quarter of barley s.teejied } The wviter named 
also holds that the combined air-inlets should not bear a higher latio to 
the air-outlets than as 4 5. 

The construction of the roof of kilns requires consideration. A thin 
roof condenses the moisture rising from the green malt Slates, beneath 
which are felt and boards with air-spaces between, the inside being soundly 
plastered, form a roof which gives the best result'?, though it is important 
to have the plaster made with lime of good holding power. 

Existing fedns have been doubled in capacity on the principle advocated 
by ]ilr. Stopes (though we beheve Mr. Corcoran was the pioneer of double- 
kiln construction in England), which however differs little from the 
arrangement which has long obtained in many Continental maltings, 
except that the products of combustion are allowed to pass through the 
malt, instead of heated air alone being the drying agent employed. And 
if the kiln-space was not cramped before, it is obvious that the addition of 
an upper floor will enable steepings to be made twice as often as b^oie, 
for an inteorval of two days, instead of fonr,between each steeping is enou^ 
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to enable the upper Triln to be ready for a fresh floor of green malt . The 
chief objection to such an arrangement is one which has been referred to in 
CJhapter I., the difficulty of keeping the temperatures at the desired point 
on both floors simultaneously— say 200” to 210° F on the lower, and 90° to 
100° F. on the upper.* 

TThia difficulty seems to be faced with considerable chance of success 
in M. Hedicke & Co.’s Twin Kiln. The drying floor is in this arrangement 
nlan placed above what the patentees call “ the roasting floor ” ; but as 
the latter is roofed in (below the drying floor), and has a large tube fitted 
in the apex of the said roof, which tube passes upward, through the drying 
floor, direct to the cowl, none of the very hot am passes from this roasting 
floor into the green malt above to the latter’s detriment ; and though in 
a measure this very heated air may be said to pass away to waste, it yet, 
in its passage out, helps to create a strong upcast draught, and so increases 
the volume of more or less warm air sucked through the green malt. The 
heated air admitted to the green malt passes by comparatively narrow air- 
channels not through, but beside the roasting floor ; and side by side with 
these hot-air channels are channels for introducing such supplies of cold 
air as may seem advisable. Of course the volume of either can be nicely 
adjusted. 

Fomace and Baffle-plate. — ^The simplest form of furnace consists of a 
grate formed of heavy bars carried on bearers, and set in firebricks. The 
whole structure, from about the level of the top of the arched opening 
through which the fire is fed, archmg outwards towards the outer walls 
of the kiln, and forming the Dunge, partly used for the storage of coal, 
is placed as nearly centrally as possible with regard to the kiln floor. There 
should be inlets for air besides what passes in through the grate, and a 
damper at the back of the stove helps regularity of combustion. 

Baffle-plates have their advantages. They are large flat surfaces of 
iron, tiles, etc., suspended a short distance above the fire, and from their 
function are sometimes known as dispersers. Iron baffle-plates have this 
disadvantage ; if they get overheated and much kiln-dust falls on them, 
the latter bums, with a most disagreeable odour, which passes through the 
malt above. The best baffle-plates are made of tiles supported on thin 
strips of iron, supported in their turn by transverse iron rods. 

It IS of importance, as has been indicated when speaking of the necessity 
of good supphes of air in the early stage upon the kiln, to get rid of the 
moisture from the green malt rapidly, though at a low heat For this 
purpose cowls are far better adapted than tlie open ventilators often seen, 
but the most eflective arrangement of all seems to be the form of suction 
introduced by Mr. Free. In the laige maltings belonging to his Arm the 
kilns are, or can be made, absolutely air-tight chambers, and are each fitted 
with a Blackman air-propeller placed at the apex of the roof. 

These making at first as many as 600 revolutions a minute rapidly 
draw off the moisture ; and it is further claimed that, m the subsequent 
curing process and when the revolutions of the propeller (fan) have been 
reduced to 360 a minute, the malt may lie at more than twice its usual 
depth, and yet that the temperature be practically uniform (with a 
variafion of, at the outside, not more than 10° F., a result which, as Mr. 


See pp. 54, 55 foi Mr. Stoiies’s iostrnotions for the manageuaent of them. 
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IVee says, can. be attained in no otber way) ; * that the temperature may 
be raised even to 230’" P, without unduly colouring the malt ; and finally, 
that the whole process can be effected in half the time taken by the 
ordmarr method. 

^ow, though the gieat aj&oimt of air (25,000 cubic feet per miziiite) drawn through 
by Mr. Free s fan arrangement doubtless removes moisture mechanically as well as 
by absorption, ai^'dxyiiig oidiii&zily dQP6nds on incieasod sshnatioii 
sir ftt higTiBT teupsisiuios* Thus air at 32’ F. can bold about 2 greuns of moisture 
per cubic foot, but 12 grains at So* F. If \re reckon on a three-fourths saturation, 
*.e., air going ofi at 80’ with 9 grams water-vapour per cubic foot, smd that the 
incoming air holds 4 grains, it will req.uire 1,400 cubic feet to absorb every ponnd 
(7,000 gra ins ) of moisture. Again, with green malt weighmg 556 lb. per q,iiaxte]>— 
i.e., holding 220 lb. or 40®o of removable moisture — ^the theoretical minintittn re<juired 
to dry IS 308,000 cubic feet per quarter. If half this, — 20®o more for safety, be 
drawn through in 24 hours, so that 110 lb. of moisture per quarter is removed, the 
malt wiU have 24% to 25% of moisture left and to be got nd of m the nest 24 bonxs. 
Then if each quarter occupies 25 square feet the velocity will be 5 to 6 feet p^ mmute. 
It should be noted, howeier, that an exit heat of 50*, owmg to lockmg-up of heat on 
conversion of water mto vapour, down-draught, and other losses, postulates a 
starting temperature very much higbei, say 50* or 60* higher on the under-part of the 
kiln floor 

Mr. Tree's ©“vm words on the fan system, as compared w ith the ordinary 
method of curing, are valuable and very suggestive. When malt has 
been worked with great success from the cistern to the kiln, it is by no 
means uncommon, where the draught is defective, that more mjury occurs 
on the kiln itself than has taken place durmg the ten or more days that 
the malt has remained on the floors. The temperatures used in the early 
stages of drying are of necessity so low, in order to prevent hardness and 
colour in the malt, that this point forms the most favourable opportunity 
for the formation of mould and acidity , and many brewers who malt for 
their own requu’ements 11*111 be familiar w:tli the white fungus which 
spreads itself in large or small patches on. the top of a kiln, m which a 
considerable degree of moisture is still present, together w ith the mould, 
which increases with terrible rapidity on the broken and damaged grains 
until the malt is comparatively dry. Thi«? may now be entirely avoided, 
as under the rapid draught produced by the fan this formation can never 
take place , and we can. rest assured that from the time the malt is loaded 
until it is fit for curing no deterioration will take place, even though low 
temperatures be used throughout. Owing to the rapid draught, the steam 
fl.naTng from the malt is barely perceptible, and the top of the grain, 
instead of being saturated with moisture, owmg to the condensation of 
the steam, is dry and sweet, although the temperature is lower than dared 
be used on an ordmary kiln. When one considocs how malt is, Soi the most 
part; dried, it does not seem hard to account for the difficulty of producing 
good results. Aw article which has, or which ought to have, received the 
greatest care and attention, is placed upon a kiln for the purpose of effect- 
ing the fiwfll stage of drying, which it is important should be carried out 
with the utmost care, and should he hoth continuous and progressive. 

* TTin* is to say, if three accurate uaked-bnlh thermometers be placed m the malt 
on the Inin, one n^t down on the tiles, the second 4 J inches higher, the third very nesr 
the top, say 9 above the first, the tempa'atnres will not vary more than 200“, 196 

and 190* F. 
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Tet \rliat Kappens ? The malt is loaded in the morning, and for the rest 
of the day is kept at a low temperature. In the evening the fires are 
banked up, and for the next eight or nine hours not only is the heat not 
raised, but becomes actually lower. The following morning the fires are 
made up, and during the rest of the day the malt receives more or less 
attention ; but in the evening the same process of banking-up is repeated, 
and for the two following days and nigiits the same operations are con- 
tinued. Is it to be wondered at that malt deteriorates more quickly on 
kiln than it ever did on the floor, when a manufacture is carried out on 
such principles. 

King’s Automatic Regulator. — The gloomy picture which Mr. Free has 
so faithfully pamted may be falsified in regard to any particular malting 
by the use of Bung’s Automatic Regulator. A large iron swing ventilator, 
accurately balanced on pivots m an iron frame, is placed in a large opening 
specially cut for it in the brickwork Just over the furnace door, and so that 
it opens or closes at a very slight impulse. Two long brass rods, parallel 
to each other, are fixed just under the tile floor of the kiln, so that they 
eapand or contract with every rise or fall of the temperature caused by 
the fire, and so that the expansion of the one rod is paeaed on, through or 
by the other rod, and added to its expansion to actuate a weighted lever 
with which the end of the second rod is connected. The lever accordingly, 
which is in a straight line above the frame of tiie ventilator, rises or falls 
as the brass rods expand or contract again, and thus, by means of a 
slotted rod, opens or closes the easily swinging ventilator. There is an 
adjusting slide by which the ventilator can be set to open at any tempera- 
ture, so that the risk of overflring {experto crede) is reduced to a minimum, 
even when tlie fires are left for a considerable time. Not only is cold air 
admitted to the malt directly the temperature reaches the not-to-be- 
exceeded point, but the draught through the fire from underneath is also 
checked. 

There is another form of regulator consisting of a wheel some 4 feet 
in diameter, and constructed, as to its outer rim, of a steel tube. The 
rim of this wheel is about half filled with mercury and a little alcohol. 
A nse of temperature causes the expansion of the mercury, and so shifts 
the centre of gravity ; the wheel accordingly begins to rotate, and by 
means of a wire cord passing from a smaller wheel at the end of the shaft 
on which the large hollow wheel is fixed, opens the ventilator. There are 
two scale-pans suspended over the smaller wheel, and it is by the amotuit 
of wei^it hung in these that the temperature is determined at which the 
ventilator is to open. 

Insteacidons for managii^ Double Kilns (Stopes’s pattern). — ^Though 
we have made no secret of the opinion that these kilns are ordinarily not 
adequate to requirements, the patentee thought otherwise, and gave the 
foUowing directions (condensed) for TnH.nH.gring them. 

Green malt to be loaded on the top floor when fit for kiln , 

1st day. Temperatoie not below 80® F. or above 100° F. 

2nd „ Temperature not below 90® F. or above 110° F. At end 

of second day lower top floor to bottom. 

Srd „ Temperature from 120° F- to 130° F. or 140° F. 

4th „ Temperature from 140° F. to 185® F. or 196® F., or Ugher. 

The top floor can be ploughed or forked over Hghtly, if needed, and 
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heats can. then he raised or lowered, according to the character to be given 
to the malt. The bottom floor need not be turned or ploughed. 

The regulation of heat and air to be effected by due attention to fires, 
or adjustment of air inlets and dispersers. 

When floors are young and green dispersers can be closed and inlets 
open. Air is squired at this stage. 

when the bottom floor is to be finished off at a high heat air can be 
supplied moderately and dispersers * opened. By these means the bottom 
floor can be 190° P. and the top floor 100° P- 

Sweating of barley to be upon the most convenient floor (preferably the 
bottom one), and the heat of sweating is not to exceed 116° P. when the 
top floor is loaded. 

Heaping-np the Malt after Coxing. — ^To do this for several hours after 
the hiln-drying and curing is otherwise completed is certainly an advantage 
from the point of view of flavour ; moreover, if the malt, while in an 
extremely hot condition, be spread out comparatively thin, there is a 
tendency to absorb an excess of moisture 

To ensure that the highest heat thoroughly penetrates the malt, when 
the maximum has been reached some ten or twelve hours from the end, 
close all air outlets, especially the large one in the apex of the roof, which 
can readily be done by a well-fitting door, swinging easily on its centre, 
and actuated by a cord within reach of the kiln floor By this means it 
is easy to maintain the heat within a very few degrees of the maximum, 
and this with little or no attention to the fires. 

Sommary of Malting Pacts, lately based on Messrs. Brown and Morris’s 
B^earches, giving the ‘‘ Rationale ” of the Maltster’s Operations.— The 
two main divisions of the barley-corn, the embryo, and the endosperm 
(c/. p. 40), are never, as regards the growing part of the former, in actual 
contact, being separated by the membranous scutellum and the so-called 
“ palisade ” cells (at right angles to the plane of the scutellum) of the 
absorptive epithehum.f Further, the starch granules, of which, with a 
fine, net like mtermixture of protem matter, the immediately nutritive 
portion of the endosperm consists, are enclosed by delicate celluloaic cell 
walls , and the problem to be understood was, how the diastase, being a 
“ coUoid ” (i.e , incapable of passinar through a membrane, or with such 
extreme difficulty as to be so practicallyl, could get at the starch, which, 
bemg a “ colloid ’ too, is not available for the nutriment of the embryo 
without some change bemg brought about. It had previously been 
known that the palisade ” cells of the epithelium were instrumental in 
transferring nutriment to the embryo, and that the cells of the endosperm 
next adjoining the epithelium became depleted of their starch through this 
channel ; but it was not until the epoch-makiiig discovery by the above- 
named investigators of the existence of cgtase, am mizyme whose function 
it is to dissolve ceUulose, that the key was found. They came to the con- 
clusion, on grounds to be referred to later, that the cytase is secreted, in 
conjunction with diastase, in the cells of the absorptive epithehum, and 

• The dispeTfiers referred to are the iron arraugenieats, shaped like a chimney-pot, 
only larger, vliich cover the holes dovn vhich the malt is shovelled from the upper to the 
lower irfln. They have a unmber of triangular-shaped openings at the top v Inch can be 
opened or closed hy turning a knob, ^tsstpators are cones of woven wire similarly used 
for ooveiing these apertores. , 

^ Soth epithelinm and scntdlnm. are anatomically portions of the embryo. 
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Yet 'vrliat happens ? The malt is loaded in. the morning, and for the rest 
of the day is kept at a low temperature. In the evening the fires are 
banked up, and for the next eight or nine hours not only is the heat not 
raised, but becomes actually lower. The following morning the fires are 
made up, and during the rest of the day the malt receives more or less 
attention ; but in the evening the same process of banking-up is repeated, 
and for the two following days and nignts the same operations are con- 
tinued. Is it to be wondered at that malt deteriorates more quickly on 
kiln than it ever did on the floor, when a manufacture is carried out on 
such principles. 

Edng’s Automatic Regulator. — The ^oomy picture which Mr. Free has 
so faithfully pamted may be falsified in regard to any particular malting 
by the use of Bung’s Automatic Regulator. A large iron swing ventilator, 
accurately balanced on pivots m an iron frame, is placed in a large opening 
specially cut for it m the brickwork just over the furnace door, and so that 
it opens or closes at a very slight impulse. Two long brass rods, parallel 
to each other, are fixed just under the tile floor of the kiln, so that they 
expand or contract with every rise or fall of the temperature caused by 
the fire, and so that the expansion of the one rod is passed on, through or 
by the other rod, and added to its expansion to actuate a weighted lever 
with which the end of the second rod is connected. The lever accordingly, 
which IS in a straight line above the frame of tiie ventilator, rises or falls 
as the brass rods expand or contract again, and thus, by means of a 
slotted rod, opens or closes the easily swinging ventilator. There is an 
adjusting slide by which the ventilator can be set to open at any tempera- 
ture, so that the risk of overfiring (expsTto crede) is reduced to a minimum, 
even when tlie fires are left for a considerable time. Not only is cold air 
admitted to the malt directly the temperature reaches the not-to-be- 
exceeded point, but the draught through the fire from underneath is also 
checked. 

There is another form of regulator consLsting of a wheel some 4 feet 
in diameter, and constructed, as to its outer rim, of a steel tube. The 
rim of this wheel is about half filled with mercury and a little alcohol. 
A nse of temperature causes the expansiou of the mercury, and so shifts 
the centre of gravity ; the wheel accordingly begins to rotate, and by 
means of a wire cord passing from a smaller wheel at the end of the shaft 
on which the large hollow wheel is fixed, opens the ventilator. There are 
two scale-pans suspended over the smaller wheel, and it is by the amomit 
of weight hung in these that the temperature is determined at which the 
ventilator is to open. 

Instractions for managing Double Kflns (Stopes’s pattern). — ^Though 
we have made no secret of the opinion that these kilna are ordinarily not 
adequate to requirements, the patentee thought otherwise, and gave the 
following directions (condensed) for managing them. 

Oieeu malt to be loaded on the top floor when fit for kiln , 

1st day. Temperature not below 80® F. or above 100° F. 

2nd „ Temperature not below 90® F. ox above 110° F. At end 

of second day lower top floor to bottom. 

Srd „ Temperature from 120° F. to 130° F. or 140° F. 

4th „ Temperature from 140° F. to 185® F. or 196° F., or higher. 

The top floor can be ploughed or forked over fightly, if needed, and 
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and c^ulose, the latter being a necessity for the development of young 

newly-formed cells, while starch (which is not difiusible, and therefore 
cannot pass from the endosperm) is found in the said cells of embryo and 
rootlets. A portion of the cane-sugar formed from the maltose appears 
to be inverted by some inverting enzyme (probably invertase, see p. 101) 
into invert sugars , though here a curious fact occurs, to which Mr. J. 
O’Sullivan has drawn attention, that, while the ordinary products of 
inversion ^whether by acid or invertase) are equal parts of dextrose 
Isevulose, in the case of germinated barley the former is always greatly 
in excess of the latter, lids fact points to one of two alternatives — either 
that the Isevulose is more rapidly assimilated by the young plantlet, or, 
which seems more probable, that dextrose is formed from some csirbo- 
hydrate other than starch.* 

An analysis by Mr. J. O’Sullivan of barley before and after germination 
has the following figures, showing that the maltose m unmalted barley is 
practically nil, or at most a trace. 

Before Geiiaiziat*on After Germination. 

Cane-sugar . . . 1 *39 4 50 

Maltose i | 1 98 

Dextrose ... 0 62 ■{ 1 57 

Ljc\ulose . .1 i 0 72 

Relatively low as these figures may seem, the method employed is 
interesting, and leaves no reasonable doubt as to the existence of cane- 
sugar in malt. It was as foEows . — 

Having treated the malt with alcohol, for the purpose of destroying 
diastatic action, on the completion of which the alcohol was evaporated 
off, he treated it agam with ether to eliminate the fat. Then, takmg care 
that a certain definite volume should represent the sugars m a definite 
w’eight of the malt, he determined the specific gravity, opticity,t and 
cupric-oxide reducing power f Next, a further measured portion was 
treated with invertase (see pp. 101 and 266) at 52' to 54° C. (=125^° F. to 
129® F.), and on completion of the action, he again determmed — 

(a) Specific gravity, w’hich showed an increase. 

( P) Opticity, which showed a decrease. 

(t) Copper reducing power, which showed an increase. 

All these results point to the fact of cane-sugar existing, and being 
inverted by the invertase into invert sugar 

(a) Because 100 parts cane become 105 parts of mvert (see pp 101 
and 102). 

( P) Because the opticity of invert = — 21 3, while that of cane = 66 S. 

(y) Because invert sugar has a copper oxide reducing power which 
cane-sugar does not possess. 

He then proceeded to ferment the inverted solution with yeast ^us 
a litt le diastase ; and upon completion ot the fermentation, he determined 
the residual reducing power and opticity with negative results, while the 
alcohol formed showed an excess over the q^uantity to be expected if the 
reducing matter had been only dextrose and Isevulose. 

* As a poBdUe source a-amykn and ^-amylan may Tie named. These are carbo- 
hydrates (see p. 66) which exist in iingeniimated barley, bnt not m germinated. ^ They are 
known to be transformed into daetroae by the catalytic action of salpbinic acid. Phoa- 
pboiio or organic adds probably have the same infinence. 

t Reference pp. 167 and 177 and pp. 174 and 188 for explanatum of thesa 
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On the other hand, the absence of reducing power which he found is 
in conflict with resuits obtained by Dr. Morris in 1896. The latter then 
h <»1d out a hope of continuing his researches, which was not, so far as the 
writers know, fulfilled up to the death of Dr. Morris ; but the process 
adopted results obtained pointing to an unfenaentable residue, with 
cupric-oxide reducing power, m malt extract even when made with cold 
water, were, briefly, as follows : — 

Mashes were made, one with cold and two with hot water, and the 
filtered extracts being boiled (one of the latter with a proportion of hops 
= 6 lb. per quarter) and cooled, were set to ferment with pressed yeast 
-f- 5% of malt extract. When this fermentation was fim’shed, in all three 
cases the filtrates were boiled to expel the alcohol, their optioity and 
cupric-oxide reducing power determined, and were then set to ferment a 
second time with pressed yeast and more malt extract. On the com- 
pletion of the second fermentations, the solutions were filtered, and their 
reducing power agam determmed. It was found in each case — ^the cold as 
well as the hot water mashes — ^that the reducing power was the same, 
namely, that 3 76 grammes of CuO were precipitated by this unferment- 
able residue or each 100 grammes of malt, that is to say, an amount equal 
in reducing power to 1*6 grammes of maltose. This residue is, then, 
equally soluble in hot or cold water, and is therefore not a product of the 
■maabi-ng operation. The investigator deems it to be the product of the 
solution of the oellulosic walls of the starch-containing cells which, as has 
been said, occurs during germination. 

Messrs. Moritz and Morris in a lucid report, state their opinion that the 
soluble carbohydrates (as they prefer to style the bodies previously 
grouped as “ ready-formed sugars ”) should in English barley malt not 
fall below 14% or exceed 15*6%. Other authorities place the minimum 
at 10%, and the maximum at 14%. 

It IS supposed that the action of the diastase dunng germination is 
simpler and, so to speak, more direct than dunng the mashing process, 
maltose being formed at once with no intermediate dextrin stage, and 
that, similarly, the enzyme, actmg upon the proteid bodies, forms, not 
peptones, but amides and amido-acid^. 

Further Abstract o£ Messrs. Brown and Morris’s Conclusions.— We may 
here note— though as a complete statement of them the abstract will be 
inadequate — some important conclusions of these investigators. Experi- 
ment tends to prove the secretion both of the amylo-hydrol 3 rst (diastase) 
and of the oyto-hy(irol 3 ret (oytase) to be to some extent starvatuyn, 
phmomma, because when there is a good supply of assimilable carbo- 
hydrates — e.g., cane-sugar or maltose — the secretion is checked, or even 
stopped : in other words, the secretive power of the epithelium is only 
exerted where the supply of tissue-forming carbon compounds begins to 
fail. 

They have further shown that the relatioii of tbe embryo to the endo- 
sperm is that of parasite to host by the cultivation of “ excised ” embryos 
(mnbiyos detached from the endosperm) in various nutrient media. Cane- 
sugar, invert, dextrose, Isevulose, and maltose are all nutritious, but cane- 
sugar most of all. Xiaotose, however, does no t contribute to the nutriment 
of the young plant. Even maltose, which at first sight seems to be the 
natural food, is inferior to cane-sugapT ; and tbia is explained by the 
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Mcertamed fact that maltose, when absorbed by the growing embrro 
M transformed mto cane-sugar, so that there is a aming It energy efiec^ 
by supply cme-^ar already formed And from this it foUo^!^ that the 
seat of the production of the cane-sugar, which the germinated grain con- 
tains, IS to be sought within the tissues of the embiyo itself 

Further e^ei^enbs i^de with “ excised » embi^os, from which the 
absorptive epithehum had been carefully removed by scraping (from the 
surf^e of the scutellum), showed that though such a maimed embryo 
would grow if placed in a readily assunilable carbo-hydrate (dextrose 
cwe-sugar, etc.), yet that it had quite lost its power of eroding starch 
of diMolvu^ it. On the contrary, embryos retaining their epithehum will 
hquefy stiff starch paste, embedding themselves in it to an appreciable 
depth. Rather singularly, the epithehum removed from its embrvo gAAme 
to retain, to some extent, the power of secreting a stareh-djssolving 
enzj^e. ® 


View of ISx. James O’SuUivan.— This investigator, on the other iianH 
does not consider that diastase is only secreted in the epithehum. Careful 
expei^ents, made day by day with germinating barley, have convinced 
him that it also exists in the endosperm Prom a number of grains he cut 
ofp one-third of each, the remaining two-thirds, containing the germ, being 
rejected From this he scraped the starch {carefully avoiding that near 
the husk), which , after being mixed with cold water, was gradually heated 
to 140° to 154° F . Even on the first day (apparently corresponding to a 
‘‘ one-day ’’ floor) some soluble starch was found m the filtrate when 
cooled : more on the second day, fresh grams correspondmg to those of a 
‘‘ two-day floor having been taken , whilst on the third day, with only 
three hours* digestion, there was no starch reaction, but only that of 
a-dextiin.* On the fourth day, although the acrospire had hardly started, 
there was neither soluble starch nor a-dextnn m the filtrate after twenty 
m in utes* digestion, showing that the conversion was complete, 

“ An mteresting observation,” he adds, in connection with the above 
facts, is that in no case were there any pitted or eroded starch granules in 
the portion of the endosperm employed, and even on the eighth day of 
germination a hke portion of the endosperm showed none. It is evident 
here that Nature makes no mistake , for though the power to dissolve 
starch is in a position far removed from the place of the consumption of 
the solution products, yet solution only takes place where the product of the 
solution %s consumed, and that is m the vicinity of the grownng embryo.” 

At the date of the above remarks he apparently held the opimon that 
the diastase of the endosperm end was probably incapable of dissolving 
the starch granules, hut this he subsequently corrected, having found that 
an aqueous extract of the endosperm end on the fifth day of germination 
does possess the power of pitting f pure harley-stareh granules. 


* It will be noticed th&t this dextnn reaction would be due to the action of diastase 
on starch duimg the i%g&st^on — ^the action of the enzyme in germinating gram being, as 
has been said, so energotio that the starch is practically converted at once into maltose, no 
intermediate malto-dextzin being formed. 

t fitting IS the siotion Tmch oeoms in the neighbourhood of the acrospire upon 
the cell-walls (amylo ceUslose) of the starch cells, probably prelimins^ to the diasUmc 
attack upon the more soluble granulose within. Viewed under the microscope with ^ to 
objeedye, it is seen to take the form of oraoks in the cell-wall, often rougmy radiating 
&ozn a oonomon centre. 
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“ li "we consider the above experiments,” he oontiaues, “ ajid believe 
that the diastase is produced, by the embryo, and that it passes out through 
the soutellum, tre must believe two thingg — ^that diGhision takes place not 
only through the scutellum, but also through the endosperm, and that 
dinahaaft is an easily diffusible body. We know diffusibility is not a 
property of diastase. The production and pTOsenoe of naked diastase in 
the endosperm, no doubt stimulated by the growing embryo, is, to my 
mind, the most reasonable explanation, and it will carry aU the facts, 
which occur to me, relative to the germination of barley. I say naked 
diastase, because I believe it is not enclosed in cells, otherwise we could 
not extract it as easily as we do.” 

The IKblister’s Aim in Actual Practice (supplementing pp. 4 to 12). — 
Fraotioally, it must matter very little to the maltster, anxious only to 
make the best malt he can, where the diastase is ; the vital point is, that 
its activity (and probably that of peptase (?) too) is regulated by acrospire 
growth. Consequently, excessive growth (“ forced ” growth) means 
more “ depleted ” endospermic cells in the neighbourhood of the embryo ; 
more waste of valuable starch, converted £rst into maltose, and then, 
either direct or through the stages of cane and invert sugar,, into cellulose, 
worthless to the brewer, hut all important for the rootlets (unduly stimu> 
lated) and embryo ; more carbon-dioxide given off, and therefore more 
loss in that way, too, of the starch from which it is derived. Malt 
thoroughly modified up to the very tips he should have ; but the mellow- 
ness must be got by stimulating Ike secretion of cytase, the most potent 
factor, in which appears to be the so-called withering — i.e., a thickening 
of the piece as they near the kiln, and after the actual wetness from the 
sprmkling has passed off In other words, the limited access of air and the 
previous reduction of moisture restrict the growth of the acrospire and the 
secretion of the diastase which it denotes, while the secretion of cytase 
still continues. 

Blatnratioa of the barley before steeping (normal to grain grown on 
suitable soil, well harvested and subjected to sbght moisture after 
ripening, at or about the time of cutting, and followed by drying 
conditions) is essential for due mellowing of the malt. With such 
barley it is aided by a natural “ sweat ” in stack, simulated m other 
barleys, especially when out of condition, by “ sweating ” on kiln, 
i.e., heating to 100® to 110“ F. for twenty-four hours, with plenty of 
air, but emphatically inot a dewvng process at that or higher heats. [It 
is significant that sweated barley, if afterwards dned to 112“ F., shows 
a larger percentage of weight lost than unsweated barley similarly dried. 
This pomts to a liberation, during sweating, of water or its elements 
from combination, resulting in certain physical and even chemical 
changes quite different from those occurring wlien the gra.i'n is simply 
dried at 212“ F.] 

Peptase and Tcypiase (Proteolytic Bnzymes). — Thou^ the action of 
an enzyme or enzymes — ^more than once referred to — its existence in 
germiimted malt have long been surmised, doubts aa to its capacity for 
surviving Min heats have been set at rest by Fembach and Hubert, 
Windis(k. and others. The former workers iriiowed that in an aqueous 
digestion of ground malt prepared in tiie cold and filtered bri^t, as much 
as 45% of the ascertained original coagulahle nitrogenous matter was in 
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some oases rendered imcoagulable wheii the extract was subroitted to 
“ auto-digestion ” at 168° P. [Other investigators find this temperatiire 
crippling. ] Purtber , it appears that the conversion can he pushed beyond 
the peptone stage, viz., to amides, seeing that the nitrogenous bodies, 
whether coagr^ble or not by heat, but precipitable by phosphotungstic 
acid (the precipitant for peptones), become unprecipitable by the gmnA 
reagent when the liq[iiid is “ autodigested.” Precipitation by alcohol, 
they assert, gives active substances which can dissolve the proteins 
obtained from malt extract, even when coagulated by heat, and, more 
even than this, the N-bodies from barley. The fact that boiling destroys 
the activity puts the active agency of acids out of the g[uestion, as they 
would not be affected ; while undiminished activity after sterUisalaon by 
passing the fiuid through a Chamberland filter, excludes bacterial 
action 

The investigators found the proteolytic action strong at 104® F., that 
its “ optimum ” was about 140®, and that it was stiQ considerable at 158° 
under ordinary brewing conditions Further — and this ia important — 
they found, using phosphotungstic acid to distinguish the peptones 
precipitable by it from amido-compounds, that at 104° F. all the soluble 
nitrogen belonged to the amido-compounds, imprecipitated by the above 
reagent ; that at 140° F. the latter formed only 50° to 60% of the soluble 
mtrogen, and at 168° hardly 40%. They compare, in short, the influence 
of temperature upon the proteolytic enzyme to its known influence upon 
diastatio action, peptones standmg m the former case for the dextrm of 
the latter and amides for maltose 

Windisch and Schellhom, however, after many researches, generally 
with cold-water extract of malt, state that the proteolytic enzyme is 
destroyed in solution by a temperature of 158° F., that it does not attack 
coagulated albumen or insoluble albuminoids, though it acts, they say, 
upon insoluble nitrogenous substances of animal origm and upon gelatme 
(this best in alkalme solution), peptones which give the Biuret reaction 
(aee p. 166) resulting Further, glycerine extracts an active substance 
from the malt. 

Weiss, supporting the above views, saj’s that the first stage of 
proteolysis, degradation to albumoses, goes on freely at relatively low 
temperatures (39J° to 68° F.), the maximum effect occurring at 124° F , 
while beyond 158° F. the reaction ceases. Further conversion into 
products not precipitated by tannic acid proceeds far less rapidly, 
the optimum temperature lying between 113° and 122° F., and the 
extremes being about 59° and 158° F- Proteolytic activity is, he 
says, retarded by presence of free alkali, but stimulated by acidity 
due to primary phosphates, though excess of free acid has an 
opposite effect. [The conclusions of Fembach and Hubert, sub “Acidity, 
etc.,’* below, should be noted in connection with this and with what 
follows.] 

Windisch and Schellhom found that the action went on not only in 
acid and neutral media, but in alkaline, the latter corresponding with the 
medium favourable to the trypsin of the a i TilTnal economy (pancreas), 
and indicating the existence of tryptase, a view also supported by the fact 
that the degradation of the albumen is bo f ar-readhing. Points noted by 
them am : (1) At low temperatures the protein degradation is slow but 
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far-reacMrig. (2) At higher temperatures it is more rajtid biU leas complete. 
(3) Thft presence of organic acid (lactic, acetic, succinic} increases the 
enzyme’s activity. (4) Development of the enzyme during germination 
is more readily observed in nitrogenous barleys t^n in those very poor in 
albumen. 

Their contention that an initial temperature of 140® F. is preferable 
to the much lower heats adopted for beers of Oontmental type, because of 
the far-reaching degradation of the pre-existing soluble albuminoids, 
which occurs at such lower temperatures, into amido-oompounds “ which 
contnhute nothing to the viscosity of the beer and may be directly 
injurious, ” is traversed by Wahl (Wahl-Henmus Institute of Fermentology, 
Chicago), some of whose illustrative figures — designed to show not only 
the benefit of using low starting heats, but also that of having a highly 
nitrogenous malt (') — ^are appended 

Ik^ts were made from Montana Chevalier, with 9*23% proteins, and 
Minnesota six-rowed, with 15 16%, both calculated on dry substance 
91*7% and 89*05% respectively, making 8*4% and 13*5% as usually 
calculated. The estimated extracts were 71* 75% and 64* 75% respectively. 
Obviously the fine Montana, with its low nitrogen content and 34 mealy 
and 66 half -mealy corns, against the 6 mealy, 72 half-mealy, and 22 steely 
corns of the Minnesota, was, on the face of it, far and away the best ; but 
in the result, when malted identically and mashed (of course on American 
lager hues), it was the beer from “ the unsightly smah-berried barley of 
low market value and with a high percentage of albumen ” which became 
brilliant without fimngs or filtration after about four weeks’ storage at 
34i® F., while that from the Montana showed a slight haze after six 
weeks. 

The mashing heats adopted were . Mashing liquor, 110|® F. ; heat 
of mash, 99^° F. (maintained 1 hour), mash raised to 153^° F. in 20 min. 
by free steam and hot water (maintained 15 min ) , mash raised to 162^® F. 
in 10 min. (converted in 5 mm. ; rest, 40), The worts were boiled for 
2 hours, durmg which the Minnesota malt wort showed the earlier 
break,” the break itself being in larger flakes 

[Later the beers were stored in bottle at 38f® to 41® F. for one 
month, and for a second month (packed in chipped ice) at 33f ® F. 
Points to be noticed are, that of the amides 0 196% disappeared 
in fermentation from the Montana wort and 0*167% from the Minno- 
sota, that the peptone albumen increased, and that an increase of 
about 0*1% in maltose w*as noted after the storage. Strangely 
enou^, whole the original gravity of the wort by calculation ea-me out 
13 91 %, or sli^tly below the actual for the Montana, it came out 
14*38% for the Minnesota, or fully 2® of specifio gravity higher tba.Ti 
the actual (>).] 

Luring the period of higher temperature the yeast settled down ; 
during the second, representing the store-cask period {see p. 24), separating 
matter, causing turbidity at first, gradually “ clumped down ” and the 
beers became bright above these sediments. Transferred into other 
bottles, they were pasteurised at 140® F. for 30 min., the heat having 
been raised from the cold in 45 min. The amount of “ edbmnen ’* precipi- 
tated in the second stage was 0*0024% in each case. 

The analytical data ace as follow : 
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Percentage of extract 
( btcTrer’s lb. 

Cmde maltose 
Sugar : non-sugar . 
Proteins (albmnen) . 
Albumose 
Peptones 

Jiinides .... 
Total Albumen (N X 6 *23) 
Albumen in % of extract 


I^ootana barley wort. 
. 13-9S 

. 20-S0 

. 10 13 

. 100 : 33 
0 010 
0-111 
0 179 
0 62 
0-8A 
5-86 


Minnesota bad^ wort. 
13-88 
20-35) 

10-72 
100 :29-4 
0-017 
0-147 
0-333 
0-723 
1 -22 
8-70 


Beer after fermentation. : 




3Iontaaa fca-lej ^ort- 


bar'ey wort. 



End of 

Jkfeer 

Xnd of 

After 



pniraiy to- 

two nicniiis* 

pr*iiiar> ftr- 

ti;io months* 



zneniation 

btorage. 

mentaiicn. 

siora^. 

Specific gravity . 


1 015 


1-013 5 


Apparent estract 1 r» n 

Beil extract > Baling 

. /a 79 
. X5 74 

3-78 

5 -05 

3 *375 

5 -28 

3 35 

6*3St') 

Alcohol 



4-13 


4-50 

Crude maltose 

. 

1 44 

1-52 

1*20 

1 35 

Volatile acids 


0 0036 

0-<M[i72 

0 (iu24 

0 0084 

Non-volatile acids 

• 

0 los 

0-090 


0 081 

Phosphonc acid . 


0 090 

0 -opo 

«fl2 

0 111) 

Degree of fermentation 


60Oo 

59 

62 7 O 0 

62 6'>,, 

Proteins — ^Albumen 


0 012 

O'ttlS 

a 026 

0 027 

Albnmoses 


0 091 

0 -iuy 

0 112 

0-137 

Peptones 


0 224 

1* 2ol 

«i 386 

0 3U2 

Amides 


0 324 

0 -301 

U 356 

0 31*4 

Total albumen 


0 651 

0 OS 

1 

0 97 


The amount of amides unabsorbed by the yea<!t is fairly in. accord u ith 
Stem's observation, hereafter noted, that 0 02a nitrogen in form of 
asparagin (0 025 4 71 = 0 IIS asparagm) was the niaxinium he coiald 

get a yeast to absorb in a 10° „ dextrose solution 

Here t^e may refer to certain results obtaineil by Hantke tU S A ) m 
mashing a malt at various temperatures The several percentages of 
nitrogenous matter extracted, and the percentages of these precipitated 
by boiling for one hour, have been quoted by Dr. Sykes, with whose con- 
clusion that at a mashing temperature of 122^ F. the smallest amount of 
nitrogenous matter coagulable on boiling is extracted ; apparently there- 
fore this temperature is the most favourable one for peptonisation,’* out 
own is not in accord 


Pen:enrage of ton I oi d.sso.vea 

2S^-ji*jtter of malr wh-ch X niatTer precip-tared on 
passea inro solution LOUJcg for one nour. 


16 hours mash at 72*^ F. . 
1 „ „ 100° F, , 

1 „ ., 122»P . 

1 „ „ 146»P. , 

1 „ „ 107" P. . 


31 78 

21-12 

62 16 

15 24 

37 51 

14 IS 

32-75 

22 SO 

32-80 

None given 


Now if we suppose a malt with 10% nitrogen, then if 52' 16% of them 
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are dissolved in tiie Tna^tli at 100“ F., th.ere vnU be 5*216 lb, in solution, 
for every 100 lb. of malt treated ; sinularly from the mash at 122® F. 
there -wSl be 3*751 lb. in solution. But an hour’s boil precipitates 
15*24 and 34*18% of these respectively, that is 84*76 and 86 82% 
of the total nitrogenous extract are unaffected ; or 4*42 lb. in the 
100® F. Tinaah and 3*219 lb. in the 122® F. mash remain uncoaguiated. 
Now if by peptorusation proteolysis is meant, it seems clear that 
the “ ini-tviftl ’* of lOO® F. is most favourable to the formation of unpre- 
cipitable oonvension bodies, among which peptones and amides stand 
chief, and if we can base any theory on the increased precipitate from the 
boiled "wort of the lower imtial it must be that a larger force of enz 3 nnes 
having been brought into action, the extra coagulation may be a measure 
of their excess 

Acidity and Miiieral Hatter. — ^These may be considered together, in 
"view of Dr Fembaoh’s researches, until which it was supposed that the 
acidity in malt "was entirely due to lactic acid, increasing appreciably 
during mnlhing and capable of exceeding the usual limit by 50% if the 
malt -were “ forced.” But that investigator, using as mdioators phenol- 
phthalein, to which malt extract reacts as an acid, and methyl-orange, 
to which it is alkalme, instead of litmus, condemned as misleading, 
asserts that there %8 tio free acid in malts, the acid reaction of the latter 
being entirely due to soluble acid salts. The organic acids formed during 
germination, he says, immediately attack the secondary phosphates 
(neutral, non-soluhle phosphates), and, combining themselves with por- 
tions of the base, set free therefrom phosphono acid previously in 
combination, and that this phosphoric acid, reacting upon the remaining 
neutral phosphates, converts them into primary acid phosphates. His 
later researches, m conjunction with Hubert, on proteolytic action have 
shown that an addition of acid short of the quantity required to obtain 
neutrality to methyl-orange helps proteolysis, and may even quintuple 
the activity of the enzyme, but any excess of acid beyond that which 
suffices to decompose the salts which are alkaline to methyl-orange 
(t.e., the secondary phosphates) retards activity. The secondary phos- 
phates, therefore, seem to be the retarding factors, and this independently 
of the nature of the metallic base. It is pointed out that herein lies an 
error in the method of isolating enzymes by precipitations with alcohol, 
the precipita'tes containing more salts alkalme to methyl-orange than 
primary phosphates (acid to phenolphthalein), whence comes decreased 
activity of the purified enzyme {see p. 188, Liutner’s diastase). 

It may be noted that amides (e.g., asparagin), which may be formed 
to a considerable extent in forced malt, or where the green malt is slowly 
dried, increase the acidity indication : one gram of asparagin requires 
N" 

36 0 . 0 . ^ soda {v. p. 161) to secure neutrality when phenolphthalein is 

being used as indicator. The mineral matter of barley averages about 
2*6% on -the dry substance, and of it about 20*9% is potassium, 8*8% 
magnesia, and 35*1% phosphoric acid. If the ash of malt be compared 
wilh tbat of barley some loss is shown, about 0*3% on equal weights of 
substance being taken, but relatively more "when it is remembered that 
100 lb. of malt represent 131 lb. or more of barley. Tbongh some approve 
of phoi^khates as beer constituents, there is evidence that excess of them 
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lias a crippling effect on yeast, and that thej’ favour bacteria. But if 
reference be made to Professor Wahl’s analytical figures, it will be seen 
that the phosphoric acid in his finished beers is 0 09® y and O' 12°Jj respec- 
tively, very close, in terms of PgOgjto the amoimt found before fermentation 
in extract from "vrell-managed Bnglish malt, say 6 S to CO grains per gallon 
of trort having the same percentage extract as the Montana •wort- In 
forced” malts — and the American ^btem is to force — ^the phosphates 
may be incmased by an amount equivalent to 13 to 14: grains of PgOg per 
gallon. It is as orthophosphorie acid, H 3 PO 4 , that the phosphoric acid 
combines ■with bases to form primary phosphates, e g. , that with potassium 
(££[ 2 ^ 04 ) , and a good margin over any yeast requirements seems not 
mconsistent •with good quahty. Experiments made some years ago by 
A L. Stem went to sho-w that not more than 0 025% of mineral matter 
(about 1 part per 4,000) in 100 e.c. of a lU'-’o dextrose solution and the 
same of nitrogen, in foim of asparagin, coidd be assimilated by yeast. 
It is admitted that the optimum conditions might not have been 
secured. 

Other Qonstiiaeiits of Barley and Halt. — Amongst these axe fat, 
d i minis hed by 20% to 30% by germination, moio thoiougLly when the 
latter is slow. The carbohydrates y- and ,S-amylan and raiiinose The 
amylans are both converted into dextrose on digestion with sulphuric 
acid, and if represented in malt at all are only so by their conversion 
products. The presence of x-amylan is, aecort-ilng to ^Ir. J. O SuUivan, 
probably the reason why unmalted barley cannot be satisfactorily 
employed in the manuf.icture of beer. Pia^Siiost* — a sub-iiance with a 
-r op+icity — is supposed to affoid nutriment to t:-e eianiyo. 

Good Malt, Data for Jadgmg. — Tn.- seccioa will L.* .n? mphte without 
a brief catalogue 01 the physical aspects i.l ti.e mah 1 LaioulattJ to 
carry out the chemical prcgramin:- wLicL the Liev. or to arrange. 

Good malt, then, will be free irom crashed an I muuidy grams and 
adherent rootlets. It should be of a uniform blight c».k-ar, tieo fxom 
dark-tipped grams, and with a thin ■im-.'Cli -h-a Tne ^kj.n 011 either >.ide 
of the acrospire should never have the cridk 1 ' Ic • : baik-y v. aich. 
Pord says, “ pi-oves one of two ericis — eitli.r that it ha-s foiled too 
much in the young stage of malting, hence the coaverSiOa was not perfect, 
or that the heat upon the kiln was too liigh befoie the steam \* a-s well oa. 
A rough wrinlded skin miy also indicate ui^ucfieient ripening of the barley 
from which the malt was' made 

When bitten, malt should be tender, yet crisp, full of d-^m* fi'om end to 
end, and ■with no ricy tips. Hard ox ■vitnried particles in the flour indicate 
either excess of nitrogenous matter, or too sudden an appLoation of heat 
on ■the kiln ; the extract from malt containmg them is seldom satbfactory 
Partial over-curing — some of the grains having their contents semi- 
caiamelised like those of brown malt — ^must be guarded against. Such 
grains are easily detected with a httle practice. Their presence indicates 
very faulty drying conditions, and they may give far too deep a tint to 
■the worts. When the acrospires taken from a few of the grains spring 
asunder under the knife upon being eut, it is a guarantee agauust excessive 
slackness and, to some extent, of proper curing, though the expert empiric 
determines this by ■the amount of flavour. "RTiether the acrospires should 
be two-thirds or three-quaitmrs up is a matter of taste. We should prefer 
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tihiee-q^uarteis as a general mle (especially when the barley is not kindly, 
if they can then he got to grow so far), but uniformity is the main thing. 
XJndergrown stuff, which is virtually almost barley, should never be 
bought. 

£1 sampling it is no bad plan to count out 100 grains and divide them 
according to their degree of growth, thus getting the percentage of grains 
which are three-quarters “ up “ or more, two-thirds “ up,” one-half “ up,” 
less than half, idlers, etc. Lastly, in buying malt, a lookout should be kept 
for holes, generally near the aorospire, the work of weevil. These, by the 
way, should be looked for most carefully when purchases of foreign barley 
are made. SimilnT holes may sometimes be observed in samples of African 
barley, but these may be cases in which the punctures were the work of 
grubs or caterpillars which have eaten out the greater part of the interior, 
and assumed the chrysalis form, the slough of which is generally to be 
found within the husk ; though sometimes the developed, though defunct, 
moth IS in evidence. 

Bediyins or Betorrifying Mali for running beers, either on kiTu or 
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drum before grinding, is always advantageous in bringing back the 
biscuity flavour of fresh malt, and friability for good results and high 
extracts from the mill and ensuring a low percentage of moisture, say, 
1% to 6%. To those who retorrtfy with the object of grinding and 
mashing at once, there is the added advantage of a low strikmg heat 
bringing in fuller enzymic action which a higher strike limits. Generally 
speakmg, hot grist mashing, if properly carried out, giv^ a greater 
palate fuUness. Optimum results axe generally obtained by heating the 
malt up to 160° F. in five to six hours in a drixm for low moisture con- 
tent, and perhaps four or five hours where the initial moisture is 2% 
and under. The time required for this temperature on a kiln is of 
course in the neighbourhood of eight to nine hours. 

The drum is the more convenient and efficient machine, since it can 
generally be erected in the brewery in or near the malt room, using very 
little fuel, and requires no hand turning or labour for filling and emptying. 
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Gk)odresults axe obtained by heating themalt to 160- or 1"0‘ F. in the 
moming, grinding in the afternoon, and mashing the grist nest morning. 
The temperature of the giist \rill ^ about 110- F. when mashing. 

Fneonmtic Malting. — ^Though there is not space to say much about 
Pneumatic Malting, trhich has not hitherto found great favour amongst 
English maltsters, it caimot be ignored, especially as the modem develop- 
ment of the drum system (Henning's patent) bids fair to obviate previous 
drawbacks. In the original system of M. Galland the germinating barley 
was placed in closed vessels provided with a suction-fan, which exhausted 
the air heated by the vital process^ and contaminated by carbonic acid 
gas, and sucked m air kept cool and moist by being drawn through a hed 
of coke, on which cold water was contmuon^y sprayed. In spite of the 
obvious drawback that the grain, incapable of being shifted, grew into a 
tangled mass, and that the malt had the character of being less tender 
than that produced in the ordinary way, very good beer was produced by 
using it. 

Certainly some of M Galland's own beer, brew'ed at Maxdville near 
Xancy, was far and away the best of French beers, and not infenor to 
Viennese brands of repute. The former inconvemence is obviated by the 
introduction of revolving drums, arranged so as to take a wetting apiece, 
and capable of being supphed with cooled, moist, and pure air ; and it 
IS claimed, moreover, that the erection of a maltmg on this system results 
m great economy in prime cost, space, and working expenses 

The Elconomics of Waiting, — ^^ough one man can work a 15 -quarter 
house wetting 45 quarters a fortmght, it takes from ten to twelve men aud 
a foreman in large houses to work an average of 4S0 or 490 quarters in the 
same time. Of cour&e, unless the smgle hand is an exceptional man, the 
work in the larger houses is better done. This is equally true, assuming 
the foreman to be efficient, if the men are individually less skilful than 
the smgle-handed ’’ worker. A ton of good anthracite coal i^ capable 
of drying and curing from 2S to 35 quarters of malt on a single kiln. 
Double-kilns, it is claimed, only require approximately half the amount 
of fuel consumed on single kilns 

Allowance for “ mcrease ' varies from 21'^^ or 31% m uell-managed. 
brewers’ maltbouses, to anythmg you please m maltsters' Of course, 
too, the season makes a difierence. With good dry barley a 5°,, increase 
IS not unusual, and where foreign barley is malted more may be looked 
for ; at least, where the malt is used in the brewery measure, while the 
barley itself comes in by iceight, the increase seems to become something 
phenomenal. Of course any increase, beyond some 5 °oj is only apparent . 

Xowadays the natural desire of maltsters, who are not brewers, for 
mcrease, conflicts w ith their equally natural desire to get weighty malt by 
undergrowing it. 

It will be clear, therefore, that it would be valueless to attempt to 
determine a standard charge for malting, generally applicable, per 
quarter of barley steeped, inasmuch as the various cost items differ 
considerably fpoin the conditions of working adopted, and vary enormously 
fr om sftaunn to season from numerous influencing factors, some of which 
are briefly outlined above. 



CHAPTER HX 

WATER FOR BREWING 

JPruB *VV^ATEaB Vasyistg Ways of Exphessin® EesttEiTS of A.i^alysis — ^EiXTIjE for 

Hassionisiyq Orgafteo Matter yot Dirbotey Determiistable — OR aAEio Oarboiit 

OsGAKTO KTitrogee — Typioal AyaXiTSes — ^EiATIO of Oroayio Carboist to 

Orgayio Nitrogey — ^Nitrogen as Ammonia — ^Nitrates ayi> Nitrites — ^Ammontza. 
Process — ^Moist Combtjstxoy Process — ^Phosbroric Acid and Sdephates in 
Pouldted Water — ^Heisor (Sdgar) Test — Hansen’s Method — General Con- 
oinoYS OP Water Sdpply — ^Hardness — Sulphates — Bicarbonates — Silica — 
Chlorides — ^Efpect of various Salts on Type op Malto-Dextrin — Kainix 
— Albaliye Sulphates — Carbonates — ^Iroy — ^Treatment of Brewing Water 

^Burtoyising — ^Double Pboompositions — Clarke’s Process for Softening 

t^Vater Easy Qualitative Test of Purity of Water — ^Analysis- 

Pttre water may mean one of two things — ^viz., either the pure water of 
the analytical chemist, corresponding as closely as possible to the formula 
HgO, or, on the other hand, it may mean, and generally does mean, water 
which, though charged with gases such as carbonic acid and nitrogen, 
the origin of which (beyond the quantity derived from the air *) may be 
referred to the oxidation of orgamc matter, and with a reasonable 
quantity of dissolved solid or salme constituents, yet shows no evidence 
of recent contamination to anjrthing like a dangerous extent. Con- 
tamination, even in a past not necessarily very remote (of which a high 
amount of total morganic mtrogen — Le., nitrogen existmg as ammoma 
and nitrates — is held to be an index), must be taken mto consideration ; 
for though the condition of things which produced it may have ceased 
for a time, there is a possihihty that the stoppage may be only inter- 
mittent — i.e., that the aeration, soil-filtration, etc , which have broken up 
the original organic matter may fail, and the pollution be renewed. 

The former type of purity is probably never found uncombined in 
nature, and even laboratory experiments have failed to eliminate the 
trace of mtrogen, vrhioh prevents the ideal formation of from being 

attained. In fact, it has been suggested that it is this inseparable trace 
of nitrogen which alone renders the boiling of water, m the ordmary sense 
of the word, a possibility, that, without it, heat would reduce the fluid 
into its elements. However this may be, the distilled water of the chemist 
is far from being absolute H^O, though sufiB-ciently near it for all the 
purposes of his operations 

Of dissolved saline constituents the brewer tolerates, and mdeed 
desires, a larger quantity than would always be wished for in a drtaking 
water, where the presence — though allegations as to their injuriousness to 
health have yet to he proved — of salts of lime and magnesia in the form 
that precipitates on boiling (the bicaxbonates, or so-called carbonates) is 


Which, in the case of carbomc acid, the principal gaseous prcduct of cxidation. 
seems to be small. Thus lahe water contams at most 1 part izi 400, whereas good, well 
T^ater may have q.aite 8 gallons CO 2 m ICO gallons of vater. 



WATEIR FOR BREWING 69 

clearly undesirable in view of the deposit produced by them — the too- 
well-^own “ fur " — ^in kettles and domestic boilers. 

But for actual brewing operations it seems to be clear, in spite of some 
revision of views formerly held, that relatively large quantities of sulphate 
of lime, or gypsum, more moderate quantities of the carbonate, though 
this is perhaps more questionable, and magnesic salts, or, on the other 
hand, the chlorides (calcic, magnesic, or sodic) which characterise a 
different type of water, are all m different ways distmctly useful. 

But in any case, freedom from pollution is the question of capital 
importance, and the proportion of salme constituents is in the second 
line. We shall therefore deal with the more important point first, and 
as it appears that considerable mental confusion occurs in consequence of 
the varying methods of statmg the results of analyses, we shall touch 
upon these several methods at some length, and trust to be able to throw 
a httle hght upon what they signify, for the benefit of those who have had 
little or no experience of operative water analysis 

Results are espxessed sometime-s ui parts per iCrennau analyses 

in parts per 10,000) , sometimes in ” grams per gallon," w liicii is equivalent 
to parts per 70,000 (a gallon = 10 lb of 7,(K)0 grams each), while *’ free 
and albmnmoid ammonia ' is estimated in parts per million — i e., milli- 
grammes m the litre, 

Tlie following rules for converting re-sults into tiinfoim shape may be 
found useful — 

1. To convert parts per ItHD.OOO into grains per LuUon, multiply by 7 

2. To convert grams per gaiion into i»aitfe pei lOO 0-H.> divide by 7 

3. To convert gramme^ per litre into ii:’ain>N per gallon (< € , parts per 
1,000, into parts per 70.<hi'H m.iltmly by 7u 

(Consequently to convert milhirrmnine' p,r lit’i. into mains per gallon 
multiply bj’ 70 and divide ]»y l.t.ri i c»i maltiph b^ o7 ; 

Oi^aoic Ittatter not directly Determinable. — Tiio a.t'ial amount of 
organic contamination (animal or Ac-ir -t ibl» : camiot be determined 
directly" by* any known method of andy->i"'. Itut it i~ -I’ppo-t.i that -.uificient 
data for formmg an opinion can Ite aot i*v the ti'ieo nietnod", whieli are 
ordinarily employ’ed, or a coinbmation ot tiitm Ti.e*e are — 

1. The combustion process, with which the name of Dr Frankland is 
identified 

2 The ammonia proco-ss (Free an I albiuuinuid. otherwise salme 
and orgamc ammonia ) Prof Wanldym's proces's 

3. The moist combustion, or permanganate and potash, process. 

Some details of the workmg of the latter two methods, the last in its 
simplest form, will be given m the chapter on laboratory work. Their 
practical bearings only 'w^ll he considered here The combustion process 
being too l eng thy and difficult for amateur analysts, no attempt to describe 
the mampulation will be made here, or elsewhere, except in general terms ; 
but an effort will be made to explain the results stated to be obtained by 
it, premising, however, that in carrying out the process, a small measured 
volume of water, amoimting to a litre if the impurity is likely to be small, 
is evaporated to dryness, the carbonates having been got rid of previously 
by treatment with sulphurous acid solution. With the residue (every 
precaution having been taken to avoid loss or gain) an admixture of pure 
dry copper oxide is made, and the mixture is then heated in a fumaice in 
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a combustiott tube of bard glass. The osygen thereupon set free from 
the oxide attiadks the organic matter and decomposes it, the resulting 
carbonic acid and nitrogen bemg then detemuned, and the amounts 
ea 5 )ressed in terms of “ oiganic carbon ” and “ organic nitrogen.” 

Against this method Professor Wanklyn, championing his own 
5>Twmf>Tiia. process, has argued that the ignition of a water residue involves 
loss of the nitric acid, which exists in considerable quantity in most 
waters, and its r^laoement by an equivalent of carbonic acid [HN08= 
1_|_14 _j- 48=63 replaced by 002=124-32=44], this loss of weight bemg 
far larger than the organic matter. Se also claims to have shown that 
where solutions of substances containing a known quantity of nitrogen 
have been tested, the experimental error has been so great as to annihilate 
the nlfl-imst of the combustion process to any sort of accuracy. 

Again, “previous sewage contamination,” which is another feature 
of Dr. HV n.nTdflTi d*fl method and the Regustrar-General’s reports, is also 
objected to by Sutton (Volumetric Analysis) as ivia'oducmg a ik&ory, and 
as placing a water without a trace of previous sewage contamination 
upon the same level as one -with *032 part of total inorganic mtrogen per 
100,000, owing to -the deduction of 320 made as a correction for the 
average inoiganic nitrogen in rain-water. He prefers simply to state the 
total inoiganic nitrogen — i e., the once organic nitrogen now represented 
by inorganic compounds, ammonia, ni-trates, and mtrites, into which it 
has been transformed by oxidation. Professor Wanklyn goes further, 
and dilutes the correctness of measuring dehlement of water by the 
presence of nitrates and mtrites, which often come, he thinks, from the 
geological strata traversed by the water and apart from any possible 
con-tamination by organic matter 

Sutton’s “ Volumetric Analysis,” * will serve as a -text for a few remarks 
on the meaning of organic carbon and nitrogen, their ratio to one another, 
etc. Except the hardness (and even hardness may be some mdication, 
seeing -that impure waters are generally very hard, owing to the fact that 
animal excreta contain large quantities of lime) and the “ total solids,’* 
nothing is determined -that has not to do with -the punty of the wa-ter ; 
for chlorine, though generally -taken to be combined -with sodium in the 
form of common salt (chloride of sodium), may in conjunction with other 
data have an important bearing on the question of contamination or 
freedom -therefrom. 

Gilorme is sometimes calculated as common salt (in the analytical 
process chlorine is first determined by mtrate of silver solu-tion, the result 
bemg multiplied by the factor l'647h 

A word or two more as to the suspicion attachable to the presence of 
chlorine in somewhat large quantity will not be out of place. Sutton 
holds that a water containing more -than -three or four parts of chlorine 
per 100,000 should be suspected (seeing that human urine contains about 
600 parts per 100,000), but Wanklyn, more oau-tiously, says -that five or 
ten grains of chlorine per gallon are not an absolute bar, even for 
drinking purposes, but only a reason for suspicion -under certain circ-om- 
stances. 

In -the particular case in q-uestion, if the water containing 6" 11 parts 

^ * A took putli^ed Messrs. J . soid A. Oiiirolul], to be leoonuuended to -those who 

wish for a systemaHo handbook of the snbject. 
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of chlorme per 100,000 (=3- 57 giatns per gallon) showed a high proportion 
of organic juirogen, say much above 0*2, it would stand condemned of 
being unfit for use where a high standard of purity is desirable. A water, 
however, corresponding exactly to the average of these 157 samples would 
pass muster. Of course aJl the conditions would have to be passed in 
review ; and the fact of the water coming from a deep well would tell 
distinctily in favour of the chlorine not being due to recent contamination, 
and the^ore innocuous, if not positively beneficial, which, if combined 
with calcium or magnesium, it might very well be. 

Hardness (temporary and permanent), as well as total solids,” will 
be referred to later. 

Q^anic Carbon and Qi^anic Nitrogen.— !From these the existing 
condition of the water in respect of organic contamination is to he 
inferred. In a good water, fit for domestic purposes, the proportions 
should not under ordinary circumstances exceed *2 part of organic ombon 
and ‘02 part of organic nitrogen per 100,000. As Sutton, however, points 
out, the brown, peaty upland waters may contain much more organic 
carbon, derived from vegetable sources, than this without being con- 
demned, althou^ under usual oxidation infiuences the proportion, and 
consequently its ratuo to the organic mtrogen, ought to he rapidly reduced. 
In deep wells, on the other hand, organic carbon, as might be expected, 
generally falls below the average. 

In surface waters from cifitivated soil or shallow wells the usual 
proportions range higher, organic carbon *25 to 30, organic nitrogen *04 
to *05. 

Ratio of Organic Carbon to Q^anie Nitrogen. — ^The ratio may vary 
from as much as 10 (or even in extreme cases 20) of carbon : 1 of nitrogen 
in upland waters and rivers near their source, to equality — ^viz , 1 of 
organic carbon : 1 of organic nitrogen — ^in polluted wells, and accordingly 
will furnish a useful indication of the ongm of the organic matter — for 
example, thus* — 

■When the ratio of organic carbon to mtrogen is very high the orgamc 
matter is of vegetable origin , vhea the ratio is very low the organic 
matter is of animal origm. The significance, however, of these ratios 
seems, according to Sutton to be obscured by the results of oxidation, 
which in the first case causes a more rapid loss of carbon, so that an 
originally high ratio of carbon to mtrogen gets considerably reduced ; m 
the second case, on the other hand, the nitrogen disappears more rapidly, 
so that the ratio, originally low, increases 

Nitrogen as Arnitinnift (NB^). — Amm onia m ordinary natural waters 
seems generally to he due to animal contamination. In upland surface 
waters, Sutton says, it seldom exceeds *008 part *, in water from cultivated 
the average is about *005. Wanklyn, speaking of “ free ammonia,*’ 
says when it exceeds *08 part per million (=*00S per 100,000) it almost 
invariably proceeds from fermentation of urea into carbonate of ammonia, 
is a Hi gn that the water consists of diluted urine in very recent 
condition. This water, he adds, will also be found “loaded with 
chlorides.” 

Arnmnnm being Very readily oxidised to nitrates and nitrites, its 
piresence in quantity generally indicates absence of oxidation, and usually 
coincides with the presence of oigauic matter. This general statement is 
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more specifically bonie out by Br. FranMand, who states that he has 
succeeded ia isolating certain, microbes, wbioh he calls nitrifying oi^anisms, 
which make <<.TifnfnnTiia (itself the product of decomposition) combine 
•with -the oxygen of the air, whereby it is converted mto mtrous and nitric 
acids. These microbes are remarkable for the simplicity of their food 
requirements. They will produce nitric acid from ammonia in liquid 
practically destitute of organic matter. Indeed, it is only m such 
starvation media that they establish their supremacy ; in more nutritious 
media other oi^anisms crowd them out. In sewage, the professor adds, 
we find no nUrification hut m%u^ ammonia. In such a liqmd the nitri- 
fying oi^anisms bide their time till ihe othar organisms have consumed 
all available nourishment and are perishing from want, then they step in. 

Nitrogen as nitrates and nitrites, i.e., combinations of nitric and nitrous 
acids (derived from oxidation of mtrogenous orgamc matter, probably 
as above) respectively with the bases (hme, etc.) existing in the water. 
The average, "though variations are considerable, in deep weUs is *5 part 
per 100,000, in springs somewhat lower, but in water some from shallow 
wells, as might be expected, higher. 

They are generally considered to be referable to the oxidation of animal 
matter, and, as such, pointmg to a defilement (past as far as they them- 
selves are concerned) of the water. Professor Wankl 5 m., as we have seen, 
objects even to this, holding them to be often derived from the geological 
strata which the water passes through. But he points out that vegetation 
processes m lakes and rivers are calculated to withdraw mtrates from the 
water. 

However innocuous in themselves for potable purposes they may be, 
some interesting experiments by M. Emile Laurent seem to show that 
mtntes, at all events, are imdesirable m a brewing water. H aimless as 
they ivould probably be in a neutral liquid, the nitrous acid set free from 
them in a faintly acid medium, such as fermenting wort, ajiparenthj exerts 
a very destructive influence on the growth and fermentative power of yeast. 

Total Ihoc^anic Nitrc^en. — ^The sum of the nitrogen existing as 
ammonia -f that present as mtrates and mtrites, being an indication of 
past contamination (as the orgamc nitrogen is of present contamination), 
it is therefore, apart from the possible evil influence of nitrites referred to 
above, mainly of importance as showing only potential mischief, which 
will not become actual as long as the necessary oxidising conditions of 
aeration and filtration continue. Obviously though, a high proportion 
of inorganic nitrogen renders the recurrence of actual contamination 
more probable. 

The average quantity yielded by deep wells is *6 part, by springs 
about - 4 part per 100,000 ; but though the conditions remain very constant 
for each ■well or spnng, the range is very -wide. As has been said before, 
“total inorganic mtre^en” corresponds nearly (certain rather arbitrary 
corrections being made) with Dr. Erankland’s “previous sewage con- 
tamination.’’ 

The Ammonia Process depends upon "the more or less brown coloration 
which water containing ammonia gives on the addition of a definite 
quantity of “ Hessler’s solution,” and after the free, or as it is sometimes 
called, the saline ammonia has been determined in this way, the practice 
is to got at the albuminoid organic ammonia by adding a quantity of 
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potash and permanganate solution, wMoh, -with the aid of heat, converts 
the existing nitrogenous matter into ammonia, and this is then deter- 
mined by “ Nesslensing as before In practice it is usual to take 
600 0 . 0 . to distU over 200 c c , part of irhich is “Nesslerised’’ for the free 
ammonia, then to add the peimanganate-potash to the 300 c.c. left. 
More precise directions Tsiil be given m the chapter on laboratory work. 

Objeciiaa made to Ammonia Process and its Answer. — Pault has been 
found with this process because there are nitrogenous organic substances 
which yield no albuminoid ammonia. But this mconsistency, as far as 
water is concerned, makes the process all the more valuable, seeing that 
the only one which is likely to occur, viz., urea, is just the one which is 
provided for. Chance mtro-compounds might, if detected, vitiate the 
conclusions to he drawn from the analysis. 

The General Conclusions to which i^ofessor WanMyn comes axe: 
Deep spring water is often so pure as not to yield -01 part of albuminoid 
ammoma per milhon, and unless mixed with surface water does not yield 
as much as 05 part. Free ammonia exceeding • OS part per milhon almost 
invariably proceeds from fermentation of urea mto carbonate of ammonia., 
and is a sign that the water consists of diluted utine \n lery recent 
cond ition . This water ■will also be found ‘ loaded with chlorides ’ ’ Much 
albuminoid ammoma, ■\ducb generally “'comes over " slowly, little free 
ammonia, and almost entire absence of chloiides, mdicate legetable 
contamination. Any uater contaiiuiig 02 to 03 part of albuminoid 
ammonia per million may be classed as very pure (of course when free 
ammoma is •well under oS) but there is good ground for suspecting a 
water contamuig a considerable quantity ot fi‘.r ammoma along i\itli 
more than '05 jiart per miilion of albuminoid ammonia. In the absence, 
or nearly so, of free ammonia a water need not no cuiich-mned •-a the 
score of its albuminoid ammonia unless the latter amounts to something 
like '10 part per million. 

The Permanganate or Moist-combustion Process, callesl becau^tc it 
depends upon a combustion (in a chemical seii-e) ot oigauxc matter by 
oxygen set free from the permanganate, i.'>. as Professor Wanklyn points 
out, very "useful as an auxiliary to the ammonia process in helping to 
decide between ammomacal deep spring water and sewage water Such 
a quantity of potassium-permanganate (IQIn 04 ' is taken that 1 cc. of 
the standard solution = 1 milligramme ot oxygen (ox , milhgramme in 
the simpler process described in the laboratory chapter), and accordingly 
the number of cubic centimetres of the solution required just to retain a 
faint trace of the pink tint characteristic of the permanganate, exactly 
corresponds ■wi'th the number of niiUigrammes (or tenths of milligrammes ) 
of oxygen consumed by the orgamc matter in the quantity (usuaDy one 
litre) of water dealt with. The results of the process are eaqiressed m 
reports as “ oxygen required to oxidise oiganic matter.’’ 

Professor Wanklyn states that the general conclusions to which his 
investigations point are "that water distinctly of first-class p'urity does not 
consume more tyia.n *5 milligramme of oxygen per litre (= "035 grain per 
gallon), while average drinking "water consumes from four to six times as 
much. Dr. Tidy considers water absorbing not more than *05 grain of 
osygen per gaJlon to be very pure, and "those consuming between ’Oo 
and ‘15 grain of medium purity. 
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ObjeciLoa made to tbe Pernmoganate Test. — Dr. H!assall ha.s stated 
tbat th-oxigh. the permanganate readily gives up its oxygeu to organic 
matter and nitrous aoid (HNO 2 ) it fails to do so to nitno acid (HNOg), 
the latter being an aoid in the highest degree of oxidation of which it is 
susceptible ; and this is the case even when the said acid is present in, 
very large quantity, and therefore certainly indicating pollution, which 
thou^ not actively going on, may easily recur. On the other hand, its 
ready loss of colour in the presence of nitrous acid may lead, as in example 
Ifo. 1 lower down, to the conclusion that a large quantity of albuminoid 
organic matter exists ; in other words, that the water is undergoing 
extensive pollution at the time of analysis, whereas there is only evidence 
of past contamination — a much less serious state of things. 

Dr. HaHaa.ll also points out that the permanganate is very sensitive 
to protoxide of iron — as might be expected, seeing that the iron compound 
always takes up oxygen very readily and passes to a higher oxide. This 
sensitiveness to the protoxide of iron, however, is apt to be misleading ; 
for however undesirable from a brewer’s point of view the presence of an 
iron salt may be, the reasons are different from those which make fair 
organic purity an essential. Instructive instances of employment of 
permanganate, where its indications were misleading, are given below. 
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Remarks cm the above. — ^In No. 1 a large quantity of the permanganate 
was decolorised by nitr<ms acid, and therefore the albummoid organic 
matter (existing contamination), thou^ really of very small amount, 
would, if this test alone had been relied on (the oxygen being multiplied 
by eight as the rule is), have come out 4*16 grains per gallon instead of 
only 0* 14 grain. In No. 2 the absence of any action on the permanganate 
would lead to the conclusion that this was a very pure water ; it had, 
however, been exposed to such extensive contamination in the past, that 
it would be hazardous to rely on the conversion of organic mtrogen into 
the innocuous nitric acid being always so completely and punctually 
performed. No S shows how the decolorisation of the permanganate 
by the protoxide of iron may help to condemn a water otherwise extremely 
puro and suitable for drinking, if not for brewing purposes. 

To STx mTn ari se, as far as we have them, the analytical data which 
determine the purity of a water. 
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(i) Organic carbon should not much exceed ‘2 part nor orsanie 
nitrogen *02 part per 100,000. ® 

(li) ammonia should not exceed *03 part, -with the same of 
albuminoid ammonia per million. 

(iii) Water consuming *03 grain or less of oxygen per gallon is very 
pure ; between *05 and 15 of medium purity. 

Slovenly or Incomplete Statements.— It is perhaps impossible, except 
by such a comparison as the above, to bring the different systems “ into 
line , though there is reason to think that some unscrupulous analysts 
use the easier ammonia process, but state the results in terms of organic 
nitrogen (N = of the ammonia), a practice which Professor WanMyn 
justly deplored. 


And l^ough it is anticipating somewhat, this seems a suitable place 
for referring to his strictures in one mode of stating the results of analysis 
in regard to minei^ solids — ^namely, that of stating the quantity of each 
metal and each acid radical in a given quantity of water. Of course, in 
analjTSing water, the sulphuric acid, the chlorine, the lime, the magnesia, 
etc., are determined as such, but it is usual to combme them on certain 
definite principles — e g , to combme the sulphuric acid with hme rather 
than with magnesia, the chlorine with sodium, and to get as much of the 
latter compound (sodium chlonde = common salt) and carbonate of Ump, 
as the data will admit of. 

On the other hand, it is claimed that a statement of results uncombined 
does not lend itself ** to cookery,” but only states ascertamed facts. 
However, it does not readily show whether the water is acid, basic, or 
neutral ; and to ascertain this the puzzled recipient ' must divide everv 
quantity of metal or acid radical by its equivalent, then add up the two 
sets of numbers, and note whether base or acid radical predominate ' 
Phosphoric Acid, Sulphates, and Hardness (?) as Evidence of Pollution. 
— Dr. Hassall says, that as phosphoric acid m a combined state as 
phosphates is a very common constituent of our food, its presence even 
in mmute quantity is an evidence of pollution by sewage, but Wanklyn 
mamtains that except as infimtesimal traces phosphates cannot co-exist 
with carbonate of hme in a clear water, supporting his contention on the 
ground that, upon dropping a few drops of a clear solution of 
phosphate of soda into a beaker of bright, clear water containing 
carbonate of Hme, there will presently occur, upon stimug. a precipitate 
of phosphate of lime. [But refer next paragraphs on “ Sugar (or Heiseh) 
Test ” as to phosphorus in an organic form of combmation ] Dr. 
Hassall also suggests that sulphate of lime may, because of the presence of 
combined sulphuric acid in food, be indicative of sewage contamination , 
at any rate, as has been pointed out, owing to the large quantity of lime 
which animal excreta contain, polluted water is usually very hard. 

Sogat (or Bieisoh) Test. — The value of this, the so-called Heiseh test, 
has been questioned. The method is as follows. To a large test-tube 
containing a smaU quantity of the water to be examined, a Httle well- 
boiled (sterilised) sr^r-solution is added, the tube then being closed with 
a sterilised plug of eotbon-wool. It is kept for two or three days at forcing 
tray temperature (say 80° Fahr.), and if no fungoid fibny growth develops, 
the water is pronounced pure. But Dr. Frankland’s experiments tend to 
show that vrater known to be contaminated produces no film in the 
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dbs&nce of phosphates, but does produce it directly phosphates are added, 
in ‘which case its indications would be delusive. 

But Messrs. Matthews and Lott (“ Maorosoope in the Brewery and 
Malthouse,” p. 151) have a higher opinion of the test. “ It is performed 
by +.aTnng about 260 c.c. of the water to be tested and adding to it 1 to 
1’6 grain (1 gramme) of pure recrystallised cane-sugar. The bottle con- 
taining these is put on the forcing-tank, and the appearance noted at 
different intervals during several days. Some waters remain qmte clear, 
others become opalescent or milky, while those of the worst class go 
turbid, and smell strongly of butyric acid. The microscope will show 
the nature of the bacteria present. The test, according to Professor E. 
Prankland, indicates phosphorus in the water, and this contention has 
been sustained by one of us in a series of experiments on a great many 
samples of water ; and as a nder to it the fact has been established that 
butyric fermentations occur m the waters conlatmng most phosphates, 
other marked signs of contamination being at the same time afforded by 
chemical analysis ” [The italics are the present writer’s.] 

Purther, the former writer, referring to the fact that waters which 
develop organisms when tried by tins test fail to do so after boihng, 
filtering, and retesting, says {Brewer’s Guardian, 509), “ It is not that the 
organisms originally present have been killed, but that the main feeding 
material has departed with the phosphoric acid ” — ^precipitated on 
expulsion of the carbonic acid gas — “ for the addition of mere traces of 
phosphoric acid to boiled water wiU suffice to give a fresh growth of 
organisms.” 

He adds that he has convmced himself by experiment that phosphorus 
in the organic form of combmation, e.g., in egg albumen, is a richer food 
for bacteria than inorganic phosphates sugar, and that waters con- 
taining phosphorus in this form may be boiled and filtered and yet give 
bacterial growths, the phosphorus when in this form not being eliminated 
by boihng As a consequence, waters which contam carbonates of lime 
and magnesia, and which develop orgamsms witli the Heisch test after 
being boiled and filtered, probably contam orgamc matter of an albu- 
minous character. 

Hansen ’s Method. — ^The latest development of research in connection 
with the fitness of a water supply for brewdng tends towards simplicity, 
and promises results at least as satisfactory as, and far more intelligible 
than those of the more elaborate processes In A. Jorgensen’s words, 
“ The principle of the method is that it is only necessary to know, for 
brewing purposes, whether the water contains such organisms as are 
capable of developmg in wort and beer. To this end small quantities of 
the water in its ongmal or diluted state are added to a series of fiasks 
containing sterilised wort and sterilised beer. An examination of the 
flasks after incubation in a thermostat at 26° C (=77® Eahr.) for fourteen 
days will then afford information regardmg the nature and number of the 
organisms pr^ent in the water in question.” 

Conditioiw of Water-supply, Spring and Wdl Water.— As the careful 
analyst, having to pronounce upon the qualities of a water, likes to learn 
as much about its source as he can, so the brewer may very well Tna-lra 
himself acquainted with the conditions which determine a plentiful supply 
or the reverse, condi'tions, moreover, which stand in some relation to the 
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quality. W© 3Qiay divide such supplies into ^ling and vrell water, tihe 
former not necessarily meaniztg a spring goshi^ from a rock or but 
often merely a supply of water wMcIl ruskes suddenly into a well, wMch 
is being sunk, when a porous stratum connected with a more or less distant 
gathering ground of rain is struck. 

Thus clay is impervious to rain, and much money has been, spent, 
where it has run deep, in fruitless efforts to get a sufficient supply of water 
therefrom ; but if m such an attempt a porous stratum (of limestone, 
chalk, gravel, sand, etc.) were to be struck which ran without a “ fault *’ * 
to some far-away and ertensive gathering ground (i.e., a large extent of 
porous soil) at a higher level, then a copious supply of water — spring water 
— ^would be obtained. And if the level of this distant gathering ground 
were very high compared with the depth to which the well was sunk, the 
water would rise up m, or even overflow the top of, the well, and would 
thus form what is known as an Artesian weU. 

On the other hand, if a well is sunk m a porous water-gathering soil, 
or even into and through a very shallow basin of clay, overlying such 
porous strata, which crop out all around the clay and extend for some 
distance, the water obtained will not be, in the same sense of the word, 
spring water, but well water. Such a supply of water is not obtained at 
once even m water-gathering strata ; it is only when the water-level — a 
level varying at different seasons with past rai^aU — and which is known 
as “ the plane of saturation,’* is reached, that any considerable quantity 
of water can he obtained 

This *■ plane of saturation ” is not uniformly level m the sense that 
the surface of a lake is level, but, the hquid being sucked up into the pores 
of the stratified rocks (much as a sponge absorbs water) by capillary 
attraction, it will vary with the porosity ot those rocks, and the narrower 
the pores the higher the water will mount in them Obviou-sly, if one ot 
the higher points of “ the plane of saturation ” be struck, the rate of 
percolation must be extremely blow 

In any case, the comparative slowness witii w hicti a sufficient supply 
of water percolates from such a saturation area into a w ell wiU show the 
mistake that is sometimes made m sinking deep wells into the chalk. Of 
course, if a copious stream be struck, well and good , but this is always a 
chance, and it may be missed merely by a few feet. Consequently the 
safest and cheapest plan appears to be directly good water (taking the 
lowest dry-season plane of saturation ’*) is reached, to leave off s inkin g 
downwards, and to drive “ headings,’" at right angles to the shaft, both on 
the chance of striking a spring and, still more, to form reservoirs m which 
the water can steadily accumulate. It is quite possible to suik and bore 
a well 600 or 600 feet deep into chalk without strfltmg a proper spring, and 
the owner of such a well, sunk without “ headings,” can never rely, if he 
should want several hundred barrels of water for refrigerating, etc., on 
being independent of outside water supplies. 

Nafxiral FarifLcati(m of Water. — ^The purification of water — that is, 
the conversion of organio matter, whether animal or vegetable in origin, 

* A faulty geologicaUy, is a break ia tke continuity of a stratum or stratUy owing to 
the foTceSy which, have been at some time or other at work, having first severed and then 
raised the strata on one side of the cleavage above or away from those on the other* 
The thro"w ” of the fault, as the amount of vertical displacement is called, may vary 
between an inch and several thousand feet. 
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into liatmldss oonstittients — ^is efieoted by means of the ozygeu dissolved 
in the water. This process is as much a buxning, and as much and no 
more an oxidation, as when coals are consumed in a grate. The oxygen 
of the air being much more soluble in water than its nitrogen, the ratio of 
oxygen to nitrogen is much greater in water than in air, so that the 
former is obviously in a very active state. 

Accordingly, whether it be dissolved by the water directly out of the 
air, or be found by the latter imprisoned with air in the pores of the soil 
it traverses, it oxidises the carbon to carbonic acid (CO2) ; that is to 
say, it turns noxious matter into a harmless and even desirable ingredient, 
which increases as the water gets more and more pure ; thou^ of course 
it is, in itself, no mdex of purity, as fresh contamination may be going on 
concurrently, and so the proportion of carbomc acid gas be ever increasing. 
As has been stated, good spring water may very well contain 8% by 
measure of carbonic acid. Again, oxygen oxidises the nitrogen of animal 
origin into nitric acid (HNO3), which combmes with the bases present 
(lime, etc.) to form mtrates. Nitrites, the salts of nitrous acid (HNOg), 
point to partial, and perhaps incomplete, oxidation. 

Hardness. — The so-caJl^ hardness of water is usually determined by 
the soap-test — %.t., by shaking up a measured q[uantity of water with a 
measured quantity of a standard solution of soap, and observing the point 
at which the lather formed becomes permanent. The absence of lather 
at the first addition depends upon the fact that, where lime and magnesia 
are present m water, the soap forms msoluble compounds with them 
(oleates and stearates of lime and magnesia), and that only when they are 
entirely abstracted does the lather begm to form. The readiness with 
which soap lathers when used with rain or other soft water is a matter of 
common observation. More details for manipulation will be given in the 
laboratory chapter. 

la E ngl a nd the hardness is calculated on the (most probable) assump- 
tion of its being due to carbonate of lime, each gram per gallon shown to be 
present bei^ called “ one degree of hardness.” On the Continent the 
estimation is generally expressed as caustic lime and m pairts per 100,000. 
Obviously any such statement in terms of one salt is only conventional, 
and may cover a considerable error — t.g., if much magnesia be present : 
4Q parts of magnesia in its simplest form of combination are theoretically 
able to precipitate as much soap as 66 parts of hme ; and indeed W amkly n 
says that one equivalent of magnesia consumes as much soap as one and 
a half equivalent of lime — hence, he says, 75 degrees of hardness count 
for 42 grains of carbonate of magnesia. 

The hardness considerably decreases, as a rule, after boiling j that is 
to say, a permanent lather is formed at an earlier stage with boiled water ; 
and it is accordingly useful to detenume and state the degrees of hardness 
before and after boiling. Another name for the degrees of hardness which 
di^ppear is “ temporary hardness,” that which remains after boiling 
being ** p en nan e ri t hardness.” The tempomry haTdnesst is due to what 
are really bioarbonates (thou^ often spoken of as carbonates) of lime or 
ma^esia, thou^ it haa^y corresponds exactly, as even after prolonged 
boiling some two grains of carbonate per gallon remain in solution. 
Moreover, m some cases, some degrees of hardness are masked by the 
concurrent presence of carbonate of soda. Hut the general effect of 
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boiling} or of a teoaperatoie near boiling, isto driveoiftbe carbonic acid, 
'which. aJone keeps the lime, etc., in solution, and ‘thereby the bicarbonates 
are converted into carbonates, which precipitate. The permanent hard- 
ness is referable to the sulphates of limfi and magnesia or to of 

calcium. 

The popular view (once universally held), that a good proportion of 
sulphates mentioned, and particularly of t^t of lime, somewhat limits 
the solution of nitrogenous matter and of the colouring matters and bitter 
principles of the hop, is contested as to the former point by later investi- 
gators, who assert that the amount of nitrogenous matter extracted by 
a ma^ made 'wilh distilled water is practically identical with that 
extracted in a mash made, under precisely similar conditioiis, ‘with a 
water treated 'with sulphate of lime (say twenty grains per gallon of 
anhydrous salt) ; indeed that, if anything, the distilled water showed the 
best results, the proportion of the desirable peptones and amides being 
higher in its case, though the total nitrogen (and a fortiori the proportion 
of the undesirable nitrogenous bodies) was somewhat lower. 

The late Mr Southby, experimenting ‘with a hard water (containing as 
much as b5‘7 grams per gallon of sulphate of lime and 13 8 grains of 
sulphate of magnesia) against distilled water, was, we believe, the first to 
prove that the benefit of water contaimng sulphates of lime and magnesia 
did not — as far as the malt was concerned — depend upon a dimimshed 
solution of nitrogenous matter, which he found to be practically identical 
with hard or •mth soft water (varying only by a decimal point), but on 
the fact that the sulphates appeared to exert some subtle mfluence ■which 
caused the mtrogenous matter, when rendered insoluble by boihng in the 
copper, to separate m a distinctly flocculent form . the wort, ‘when filtered 
and diluted, showing very bright, whereas the distiHed-'water ■wort was 
cloudy throughout, even after filtration 

Obviously then, this suspended matter, which m the latter case is not 
unlikely to be the cause of a somewhat persistent turbidity, will m the 
former case be readily separated by drainage through hops in the hop- 
back, by precipitation on the coolers or by the mechanical action of the 
yeast. Thausing, recording expenments on decoction Imes -with ‘waters 
dosed with sulphate of hme (gypsum) to a considerably larger extent than 
in Mr Southby’s experiments — ^viz , with as much as 140 grams per gallon 
and upwards — ^notes a similar effect The ‘wort ran from the mash-tun 
(the Lauterbottich) unusually light and brilliant, and after hour’s 
boiling “ broke ” exceptionally well. 

Further, Mr. Southby points out that these sulphates of lime and 
magnesia existing in the mashing hquor exert a slight, but distinct anti- 
septic mfluence — ^m other words, render the wort more capable of resisting 
the attacks of injurious organisms ; and when it is considered what a 
relatively long time worts he in a comparatively unprotected state, 
even in the best-arranged breweries, this benefit not appear unim- 
portant. 

Second Benefit conferred by Presence of Siilphaies. — Another recognised 
benefit of sulphate of lime in the brewing water is a limitation in the 
extraction of the router bi'tter flavour of the hop : thus 'the B'urton 
brewers, naing water containing very large quantities of that salt, are able 
to add probably half as many hops again as users of a water of ‘which the 
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tiow^TiAga mainly depends on carbonates.’" This is, of conrse, wbere high 
quality apd a considerable amount of hop flavour are desired, a matter of 
great moment, and to it, there is very little doubt, the creamy softness 
'which charaotetrises liie best Burton samples, with all their “ cleanness ” 
and “ finish,” is due. 

There is an opmion, too, that another point in which water containing 
sulphate of lime has an advantage over water not containing it, is that 
less colouring matter is extracted by the former from the malt and hops, 
or, if extracted, that it is precipitated durmg boiling. 

TTia most desirable proportioii of these “ permanent-hardness ” sul- 
phates (lime and magnesia) seems for general purposes to vary between 
thirty to fifty grains per gallon, and even the latter amount might give 
unsatisfactory results in breweries, where it is the custom to derive a 
substantial portion of the extract from sugar in any shape. For black- 
beer brewing the presence of lime and magnesia sulphates are not bene- 
ficial. These essential sulphates and chlorides for ale production can be 
added in any proportions deemed necessary to any brewery water in 
which there is a deficiency. 

Bicaibonates. — As has been already mentioned, the lime and magnesia 
held in solution, when combmed with carbonic acid gas in the form of 
bicarhonates, are precipitated as carbonates when the carbonic acid is 
driven off by heat. Accordingly, if the brewing water were always sub- 
mitted to a somewhat prolonged boiling and separation of the precipitate, 
the action of titese salts would be ml as regards the mashmg and boiling 
operations ; but, as the heating of mashing and sparging hquor is usually 
conducted, doubtless appreciable quantities find their way, in the shape 
either of bicarbonates or carbonates, into the mash, where they form, in 
combination with the lactic acid present in the malt, lactates of hme or 
magnesia. 

We believe that the presence of this normal lactic acid of soimd malt 
(as distinct from the abnormal acidity of unsound malt) is an advantage, 
and that its abstraction is not only imdesrrable from the point of view of 
flavour, to the piquancy of which it almost undoubtedly contributes, of 
soundness which it helps, being, as far as it goes, a specific poison to the 
injurious organism known as Bacterium lactis, butthatjustas in moderate 
quaniity it aids the action of the diastase, so in ampler measure it assists 
the action of the peptase (which requires an acid medium) in its important 
function of peptonising the albuminoid constituents of the wort, or, in 
other words, rendering them available as yeast nntriment. 

Nor should we he surprised if subsequent experiment were to show it to 
be not without influence upon thS extraction of a desirable hop flavour. 
For each of these reasons, fairly certain or purely conjectural, the retention 
of the lactic acid may be assumed as a tbing to be aimed at, and aocord- 
in^y the presence of bicarbonates or carbonates mmj explain certain 
negative, or worse than negative results which sometimes attend the 
so-called “ Burtonising ” of brewing water — i.c., adding preparations 
containing sulphate of lime and other salts. 

* An. analysis, for example, will be found at the end of ting ohaptm:, of a water (£) 
with which, even when moderatdy treated with sulphate of Ime, it is found impossible 
to use more than from 2 to Ihs. per batrd collected of hops, even for pale ales ; mnoh 
lower qaantitieB being ohligataty for bitter ales of less gravity. 
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Not wisking, however, to he accused of overstating the case, we may 
say that the qviantity of carbonate of lime required to neutralise lactic 
acid would be as 10 * 9. Now takmg the normal proportion of free acid 
(calculated as lactic) = *2 to ‘3 per cent., the former of these being one 
part m 500 = IrlO grains per gallon. But the total carbonates in a water 
containing 20 grains of them per gallon would, taking the above ratio 
(10 . 9) and assuming 1‘25 gallon to be required to produce 1 gallon of wort, 
only neutralise (and that, if all the carbonates took part m the reaction) 
22-5 grams of lactio acid or barely one-sixth part. However, it may be 
added that careful experiments by Dr. G. H. Morris have shown the acidity 
percentage m sound wort from the mash-tun to be not bicrliRr t bfln , 073. 

Although boiling and filtration (or even decantation) will eliminate 
carbonates in a laboratory, the same thing is not so easily done in a 
brewery. Boiling, however, is certainly an advantage, even if the 
removal of the carbonates be not specially desired, being destructive of 
any full-grown organisms which may be in the water as well as a stimulant 
to their spores or germs, invulnerable, as such, even to boiling tempera- 
tures, to assume the form of developed organisms, as which they are 
capable of bemg destroyed by boiling or even lover temperatures. 

On the other hand, the presence of moderate quantities of carbonate of 
lime and magnesia is circumstantial evidence ot the good quahtj* of the 
water containing those salts There are occasionally large fissures in the 
chalk formation, tlirough which polluted water may find its way whole- 
sale . but as a general rule, owing to the filtration and aeration which the 
fluid undergoes while passmg the pores of ma&ses of chalk, it is usually 
extremely pure provided it is drawn from fairly deep vcUn. 

Silica is only of importance to the brewer masmuch a-, in conjunction 
with carbonate of hmo it forms that rcck-Lke jireciuitate known as 
“ scale ” in boilers, etc , or fur ” in kettles, and wliicli tends to choke 
the supply-pipes leading from the hot liquor-backs to the mash-tun. This 
risk of gradual stoppage of the pipes is another rea-jon for a preliminary 
boiling of the mash-liquor, m a distinct vessel if possible, where the 
precipitate can be more easily dealt with. 

It is impossible to remove this scale by tapping the pipe or expanding it 
by the sudden application of heat outside becauoeof the envelope of non- 
conducting composition with which the latter is usually coveied ; nor are 
the copper pipes capable of standing much rough sorapuig, so that the only 
alternatives are either to sacrifice the pipes when they get nearly choked, 
or to treat the separate lengths with strong muiiatic (commercial hydro- 
chloric) acid, which, though a dirty and unpleasant job, can be so managed 
that the scale gets broken and loosened suflficiently for a moderate 
scraping with a long-handled scraper to remove considerable pieces of the 
scale, especially after a short soakage with alkaline water and stea ming . 

This plan has been carried out more than once, and when the scale 
has been of a very obdurate nature ; but it has been f oimd that contact 
with the acid must be for a prolonged time, say for twenty-four hours, 
and that the pipe, with a dummy-fiange, cut out of sheet iron and bolted 
on to each end, must he shifted from time to time (the dummy flanges are 
better than bungs, which are apt to be blown out owing to the rapid 
evolution of gas), and that only small quantities of the acid can be put 
in at a time. 


BX. 
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Silioa> is present in most ■waters, a thing not to be wondei^ed. at when 
we remember how omnipresent it is in nature. It has been pointed out 
by J. O’Sullivan that the cellulose fibres of barley husks and of -the chaff 
of wheat are shaped, so to speak, on a skeleton of silica ; and in fresh 
water streams and the depth of ocean are innumerable multitudes of tiny 
Diatoms reabsorbing and forming their myriads of minute shells from 
the continuously eroded by rain, and carried down to their ^here 
of operations by streamlets into rivers, and rivers into seas, and reforming 
anew ■with their allies the Foraminifera (which construct their shells of 
oarbona-te of lime), the sedimentary rooks, just as those which underlie 
this earth of ours were formed and reformed in countless bygone ages. 

(;!liTnfride«. — As some brewing centres have gained fame in consequence 
of the water available there containing sulphates, so others depend for 
their value mainly on chlorides. Chlorides of caloixim and magnesium 
appear to determine, especially in conjunction 'wi'th 'those of sodimn and 
potassium, a full and rich flavour, which those who have tasted certain 
Scotch ales and compared them with their English rivals will be aware of. 

A proportion of chlorides which might be expected to give marked 
results would be about seven or eight grains of calcic chloride per gallon, 
six or seven grains of magnesic chloTide, ten grains of potassic chloride, 
and eight of 'that of sodi'um per gallon. It may be foimd advisable to 
increase the calcic at the expense of the magnesic salt and the sodic at the 
expense of 'the potassic, but it will not be overlooked 'that many waters 
already contain chloride of sodium (common salt) in some quantity. 

The improvement effected by adding this alone is easily put to the 
proof, and a good deal more 'tlian the quantity given can sometimes be 
used with advantage, especially m ■the brewing of-black beers. The other 
salts of course will be cautiously added, it being always advisable for the 
brewer, in this as in other changes, to feel his way before materially 
altering 'the character of his beer. 

We may perhaps state that we have known common salt to be added 
at the rate of one pound per quarter of malt, 'vrithout any restrictive effect 
upon the subsequent fermentation. This, at the rate of two barrels of 
mashing liquor per quarter, would actually amount to ninety-seven 
grains per gallon. This amount would, however, be diluted to at least 
the half by sparges by the time that the wort was gathered in “the copper ; 
but even 'theu Ihe quantity -was high, and might easily reach the excess 
on which prosecutions have from time to time been based. 

Effect of various Salts on the Type c& Bflalio-Dextrins. — ^Dr. Moritz, in 
a valuable paper on Malto-dextrins (the compounds of maltose and 
dextrm which are sta'faed 'to impart palate-fulness and condition), gives 
some interestiiig parallel mashes of malt (1) With Distilled Wato ; (2) 
With Cl^sam eq'ual to 60 grains SO3 per gallon = 86 grains of the 
anhydrous salt ; (3) With Cakdo CSh]otide» 37'5 grains per gallon. 

The experiments were made, apparently, not so much to determine 
the actual amoimt of malto-dextrin, as whether it 'was of the higher or 
lower type (see p- 242) — i,e., one in which dextrin preponderated, or one 
in which maltose preponderated. As will be seen, -^e water treated with 
calcic cibloride gave a wort containing a lower t3pe of malto-dezfcrin, — 
t.e., one which would ensure rapid condition, and 'therefore, according 
to pi^ent ■views, would answer best for short-storage or running beers. 
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The gypsum liquor, showing higher malto-dextrins, appeared to he 
suited for long-storage beers. The distilled liquor gave less malto-dextrin 
altogether, a lower quantity, in fact, than is deemed desirable. 

It will not be overlooked, however, that these are laboratory e:q>eri- 
ments which sometimes show different results — end not least of all when 
dealing with the types of malto-dextrins — from actual brewery operations. 
The results were as follows : — 
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Kainit. — ^The addition of Kainit is not now employed owing to its 
irregularity of composition. Analysis of Kamit earned out by various 
investigators of eminence prove this. According to Langer (“ Lehrbuch 
der Chemie," u s w.) it contains 20% of potassium sulphate, its formula 
being KgSO^ + MgS 04 -1- MgCl^ — 6 HjO, or potassium sulphate, mag- 
nesic sulphate, and magnesic chlonde 6 molecules water of crystallisa- 
tion. Other authonties differ widely m their analytical results. 

Sulphates of Potash and Soda. — ^Different opimons exist as to the 
sulphates of potash and soda 3>Ir. Southby, however, says there is “ no 
doubt that the sulphates of the alkalies have a tendency to cause thinness 
of palate and a pecuharly poor and, at the same time, harsh flavour in 
ales. It has been also said that they prevent the ales flmng, but 1 have 
never been able to find any- proof of this assertion ’ 

Carbonates of Soda and Potash. — Whatever the truth about the 
sulphates there is universal agreement that the carbonates, except for 
black-beer brewing, are distmctly bad The extractive nature of the 
water containing them determmes solution of colouring matter from the 
materials employed, as well as extraction of a rank bitter from the hops ; 
and the tendency m worts brewed with such water to a less satisfactory 
“ break ” seems to point to some modification of coagulated proteins 
which is, not improbably, detrimental. 

Neutralisation by calcic chlonde resulting in sodium chloride (common 
salt) and bicarbonate of lime seems the preferable method, because it can 
be used in excess and is itself m some cases beneficial (r. p. 201). We are 
dealing with very dilute solutions and mass-actiofn comes into play, 
according to which the chemical action of any substance is proportion^ 
to its acting mass or concentration. An experiment condensed from 
Prof. Tilden’s “ Progress of Scientific Chemistiy ” (p. 259) will illustrate 
the effect of mass or relative quantity. 

If a dilate solution of ferric chloride in water he mixed with a similar 
solution of potassium thiocyanate the red coloration due to f^ciic thio- 
cyanate will appear. Divide the mixture into two, to one portion add 
more fexrio chloride and to the other more thiocyanate ; a deepening of 
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tint mil be observed m both cases involving the apparent contradiction, 
first that iron was deficient in the original mixture, and secondly that the 
thiocyanate* was so too. It will be found on trial that to produce the 
Tna-TiTTiTiTn effect one or other of the acting materials must be used in very 
great excess above the quantity mdieated by the theoretical equation, 
which would be used to express the change. 

Sulphurous acid has been suggested as a poss^le neutraliser, but one 
which it would not be well to use in excess of the proportions indicated by 
the respective atomic -weights, 41 parts of acid to 53 of sodic carbonate by 
weight (HgSOj = 82 . IsTagCOs = 106). Sulphite of soda would be formed, 
and from it sulphurous acid might agam be hberated by the acid of the 
mash, exerting a bleaching action on the colouring matters of the wort. 

Moderate alkalimty might be neutralised by utilising the free sulphur- 
ous acid m bisulphite of hme. Tims, supposing the bisulphite to contain 
680 grains of free anhydrous sulphurous acid per gallon, the use of 1 pmt 
per quarter of the mash, which is usually considered safe enough, would 
neutralise about to 1| grain per gallon of sodium carbonate. 

The use of calcic chloride is recommended on the assumption that one 
of the so-called “ double decompositions ” will take place, resulting in 
the formation of chloride of sodium and carbonate of hme 

Iron in Water, of which traces are very general, exists usually in the 
form of bicarbonate of iron (FeHaCgOg), which is precipitated on the 
expulsion of the CO 2 by boilmg. It is also found as ferric sulphate or as 
protoxide of iron. A good deal of mysterious damage is attributed to 
iron — ^but certainly iron m solution forms with tannic acid (which, it will 
be remembered, is an important constituent of hops), tannates of inky 
hue, thus acting prejudicially m two ways — viz., impartmg a bad tint 
to tile product, and diverting part of the tannin from its proper function 
of precipitating a portion of the proteins (as tannates of albumen) 

The development of “ fuzzy heads " m fermentation has been supposed 
to be an outward visible sign of the presence of iron in some form, an 
opinion I merely state without intending to endorse it. If the water 
contains carbonate of hme, the latter, being precipitated on boilmg, or 
to some extent as that temperature is approached, will carry down the 
iron with it ; but in the event of there bemg iron but no carbonate of 
lime in the water, treatment of the w’ater with carbonate of soda (5 or 
6 grains per gallon) has been suggested, the carbonate of soda being after- 
wards rendered harmless by the addition of calcium chloride in excess, 
as recommended above. Of course time must be allowed for the precipi- 
tate to settle after boiling if such treatment is necessary , and it would 
be almost imperative to have a distinct hot hquor-back for boiling, whence 
the purified water could be slowly run into the vessel from which the 
mashing “ liquor ” is drawn. 

Treatment of Brewing Water — ^Buxtonisiiig — ^Double Decompositions. 
— ^The treatment of brewing wate for special defects has been referred 
to more than once m the last few pages, but there has, further than this, 
been so much anxiety to make brewing waters tally with Burton analyses 
that one cannot ignore it. Still it does not follow, as a matter of course, 
that the mere addition of sundry salts, and especially of sulphate of liirift 
(gsypsumj, is going to produce the identical tbnig. Uor would it be well 
always to do so. 
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Brewers, wlio from the conditions of their trade or the arrangement of 
their plant find it advisable to use large percentages of sug^ir (mvert or 
glucose), will certainly not find it to their advantage to use waters highly 
charged with gypsum. Whatever the cause— and we do not feel called 
upon to pronounce decidedly, though it may he conjectured, in the hght 
of M. Sansen’s discoveries, that the conditions are such as to give the 
predominance to some imdesirable form of secondary (wild) yeast — the 
conjunction of a water containmg much calcic sulphate with the employ- 
ment of a considerable proportion of sugar, certainly seems to infiuence 
the production of beers having what, for want of a better name, may be 
called a “ wiry ” chamcter. 

Double decompositions are those reactions m which two compounds 
take part, with the result of a formation of two fresh compounds. Thus in 
the one mentioned above, where calcium chloride added to water con- 
tainmg carbonate of soda forms calcium carbonate and sodium ehlonde, 
the formula CaCl 2 -p Naj CO 3 = CaCOs — 2 NaCl not only emphasises 
the fact but tells us, because 


Ca = 40 


= 40 

CU 

= 40 

-Xa = 

23 

Cla = 71 

0 

= 12 

C 

= 12 

Cl = 

35'o 

CaCIa = 111 

O 3 

XajCOa 

= 48 

= 106 

CaCOi 

= 4S 

= 100 

2 XaCl 

o$‘o 
y 2 

= 117 


that 111 parts by weight of calcic chloride added to 106 parts of sodium 
carbonate produce 100 parts of calcic carbonate and 117 of common salt. 

A number of years ago Dr Graham pointed out the probability of a 
similar double reaction upon the addition of sulphate of hme and chloride 
of sodium to water, resulting 111 tlie formation of sodium sulphate and 
calcium chloride. 

Clarke’s Process for Softening Water. — ^As, tln-s proceao la adopted in 
at least one very large brewery to my knowledge with useful re&ults, it 
may be serviceable to set down the niodiis optmailt here, as the patent 
rights have now expired For each 1,0U0 gallons of water about 1 oz, of 
quicklime is required for each degree of hardness (i.c , each gram of 
hardening matter per gallon reckoned as carbonates of lime). Tlie quick- 
lime being thoroughly slaked m a pailful of water the milk of hme thus 
obtained is poured into the cistern containing say 100 gallons of the 
water, which has to be softened, or any multiple thereof according to the 
quantity dealt with The remaining 900 gallons (or a corresponding 
multiple) is then run in and roused to mix 

The whole body of the water will now appear very milky owing to the 
formation of chalk, the carbonic acid which kept it in solution being 
abstracted by the caustic lime, this latter combination also resulting in 
the formation of more chalk, which gradually precipitates, and at the end 
of about twelve hours leaves the water clear enough for drinking purposes. 
Tf greater precision be aimed at, a drop or two of silver-nitrate solution 
may be added at intervals to a sample withdrawn in a white cup from the 
Aa long as there is lime in excess it will give a yellow or brownish 
coloration ; but as soon as this gets very faint the inflow of hard water 
should be stopped. 

* STa ( = STatrium) is the symbol for Sodium. 
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Professor Wanklyn indicates a way for accderaimg the soft^iing 
process. He points out that, on peiformiiig the process in a large glass 
vessel, it will he seen that a layer of quite clear water makes its appearance 
on the top, and gradually extends downwards. “ If we ask how this 
water hna become clear, '&e only answer that can be made is, that the 
precipitate has moved down to the layer of water beneath it, and thereby 
rendeoced that layer thick ; for had the precipitate not descended into it, 
it would, like the top layer, have become clear. In the same way, thia 
second layer, by its depositing, renders that beneath it turbid. If such 
a vessel of water took six hours to clear, we should expect that by dividing 
it into six layers by means of five diaphragms , equidistant from each other 
and from the top and bottom of the water, that the water would clear m 
one-sixth the time, or one hour. On making the experiment, this is 
found to be the case. 

“ To test this matter more fully, what may be called a ‘ subsidence 
filter ’ was constructed. It consisted of a wooden box 12 inches square 
a,T><i 20 inches deep, containing 24 plates of sheet zinc f inch apart. Each 
plate had 6 holes punched in it, 1 mch in diameter, ^e holes were near 
to the side, and had their edges turned up a little. The plates were so 
arranged that the holes were not opposite each other. A small tap came 
from just below the lowest plate. Another box hke this, but without 
plates, was also constructed. Both boxes were charged with freshly 
softened water, containing chalk suspended in it. The water took about 
eight hours to clear in the box without the plates, and was quite clear 
in the one with the plates at the end of twenty-five mmutes ” The lesson 
learnt from this operation on a small scale might easily be applied on a 
larger basis, or might be extended to mechanical filtration generally. 

Easy Qualitative Test. — ^If sudden doubt be felt as to the purity of the 
water supply, certain methods are available, which, though too “ rou^ 
and ready ” to be placed among tests proper, may yet be depended on as 
far as they go. One of these consists in the addition of a few drops of 
Condy’s Ozonised Fluid to the suspected water, sufficient to give it a 
faiat pinkish tinge. If organic matter be present the pink disappears in 
a greater or less time, and a brown precipitate (oxide of manganese) is 
formed, the organic matter being oxidised or burnt up ; but if the water 
be pure, the pink colour remains. This action of the " Condy ’* may be 
ma^esi^ by putting into some water coloured with it a strip of clear 
white blotting paper, which consistiog, as it does, of cellulose and other 
organic matter, v^ have the same effect upon the tinctured water. 

Coloai and SmdL — ^If two white glass cylinders (Hessler cylinders) be 
filled, one with the suspected and one wiffi distilled water, and placed 
side by side on a porcelain tile, a yellow or brown tint (observed by 
looking down thxou^ the d^th) in Ike former indicates organic matter, 
but not necesea/rily (unless in water previously pure) of a very objection- 
able type ; for instance, water from a peaty source is often higMy coloured. 

Ag ain, some of the water may be shaiten up in a large wide-mouthed 
bottle, and the nose applied at once. Any objectionable anfiftlT xirfll be 
more readily detected if the water be sli^&y warmed. 

Qigaxiic UatteE defected by lotion of dry solid Besidne. — ^Evaporate 
some of the water to dryness in a platinum dish, then hold over the 
of a Bunsen burner and observe if it blackens ; this will radicate an 
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appreciable amount of organic matter. A sliglit charring indicates a 
small amount of organic matter. As upon further heating^ the brown 
colour produced by the charring goes oft^ the mammum charring must be 
watched for. 

For a sudden pollution of the water supply a temporary remedy may 
be found in chloride of lime, 10 grains of which boiled with each barrel of 
the aflEected water will oxidise the organic matter, any excess chloride 
being neutralised by adding a corresponding quantity of bisulphite of lime. 

This lengthy chapter may conclude with analyses of two sets of water, 
A and a : B. A and a are reports by two leading analysts on the same 
water, taken at the same time and under identical conditicms. The water 
came from a 378-foot boring tubed for 230 feet with a 7^ inch tube, into 
the old red sandstone formation, the outcrop of which a quarter of a mile 
away was limited in area ; but the boring was very close to another well 
with a heading into dolomitic conglomerate, and which gave, as might be 
expected, a distmctly hard water, B is a chalk water. 


Analysis A. 


Hardness before boiling 
Hardness after boiling 

[1 degree == one grain of carbonate of lime per gallon ] 
Tree Ammonia 
Albuminoid Ammonia 
Oxygen absorbed in 1 hour 

,9 ,9 ff 3 hours , m 

IN’itrogen as Nitrates 


9 degrees, 
0-3 

. 0-049 

. 0-003 

. 0-059 

. 0-066 
none 


Acids and Bases. 
Chlorine 

Sulphuric Anhydride 

Carbonic Anhydride 

Lime 

Magnesia 

Potassium 

Sodinin 

Oxides of Iron and Aluminium 
Silica 


17 92 
8 60 

13 21 

4 4$ 

2 06 ‘ 

5 38 

18 88 
none 
0-70J 


Probable Combmafion. 
Calcium Carbonate 
Magnesium Carbonate 
Potassium Sulphate 
Sodium Carbonate 
Sodium Chloride 
Silica 


Total mineral matters 


8-0 

4-32 

18-70 

17-90 

29-03 

0-70 


78-65 


Analysis cr. 




Grams per ^ 
gaUoQ \ 

Total Solid Residue 


77-28 

Saline Residue 


75-60 

Organic and Volatile Matters 

1-68 

Lime 


3-43 

Magnesia. 

Soda 

• 

. 2 12 
27-09 

Potash 


trace 

Sulphuric Acid. 


. 8-36 

Nitric Acid 

• 

nil 

Nitrous Acid . 

* 

nil 

Chlorine 

. 

. 17-67 

Lead 


. nil 

Xron. 


. trace 



Parts per 
million 

Ammonia free . 

• 

. 0 630 

Ammonia Albuminoid 

• 

. 0-020 
Parts per 
100,000. 

Oxygen required to oxidise 

organic matter 

• 

, 0 -016 / 


Results are stated throughout in grains 


Probable Combmation of the Salme 


Chloride of Sodium . 28*99 

Sulphate of Soda . . .14-87 

Carbonate of Lime . 6-12 

Carbonate of Magnesia 4*45 

Carbonate of Soda , 20-03 

Sihca, etc. . . . 1*1^ 


75-60 


[N'.B— -Multiply figures “parts per 
million” by Twmg 1^*0 

grains per gallon.] 

V 

per gailou 1 : 70,000). See p. 69. 
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Discrepancies in these figures are interesting, the Winchester quarts 
ha'mg been filled with every care to ensure r^orm samples. Li the 
reports accompanying the figures the analyst of A pronounces the water 
to be practically identical with the deep- well water of the London basin, 
and therefore pre>emineatly suited for brewing black beer. The analyst 
of a says, “ Well adapted for black beer brewing . . but the amount 
of carbonate of soda is much above the quantity found in the deep-well 
waters of the London basin, which, though containing only half the 
amount found in this sample, are found unsuitable for pale ale brewin g .** 
The former advises (for ale brewing) passing the water through a gypsum 
tank at such speed as will completely decompose the alkaline carbonate, 
then treatment with calcium chloride to reduce the excess of alkaline 
sulphate arising from decomposition of the alkaline carbonate. It will 
then, he says, be fit to produce first-class pale and stock ales. The second 
analyst advises treatment with calcium chloride (2 pints saturated 
solution to each 10 barrels of mash and sparge liquor) to decompose the 
alkaline sulphate-carbonate. There would be, he adds, 50 grains of 
sodium chloride per gallon altogether, unfitting the water for pale or 
stock ales. [This advice should be read in the light of the mass-action 
experiment on p. 201.] 

B is a natural water. 

The results are stated in grains per imperial gallon of 70,000 grains. 


B 


Nitrogen as Nitrates and Nitntes 

•1648 

„ = NitnoAcid 

•74 

Oxygen required to oxidise organic matter , 

•074 

The mineral constituents are probably combined as 


follows : — 


Sulphate of Lime 

3-71 

Sulphate of Magnesia .... 


Carbonate of Lime . ..... 

16-37 

Carbonate of Magnesia .... 

6-61 

Sulphate of Soda 

— 

Sulphate of Potash . .... 


Carbonate of Soda ...... 

- 

Chloride of Magnesia 

— . 

Chloride of Sodium ...... 

3 80 

Nitrate of Potash 

1-19 

Oxide of Iron . 

•21 

Silica 

•84 

Organic matter 

•59 

Total Solids 

33-32 


The report sent with the above was : “ I find this water to be fairly 
pure ; it shows no evidence of recent sewage oontamiaation. Tha gmn.TI 
amount of nitrogen, as nitrates and nitrites, which is present, is in all 
probability of mineral origin ; no alkaline carbonates are present.” 



CHAPTER IV 
HOrS ANJD SUGARS 

Hops (Goi^Di^ras, Grapes, Joijes, Coleqates, etc ) — ^The Best. I>istkicts Pla^tikg 

— Porj: 2 vG, etc. — Clematic Co3i:DiTi02jr& — C ^ost op Peoi>uctio 2 J — A Goor> ^am^le 
OE Hops — ^P oREiGir Hops — SELPE intEi> Hops — C oxtoiiTEEKTs "" 

Ceassipicatiozst of Segaes — ^Fokmttlje — ^Raw A>?I> HEIT>fEJ> Segah — I xvEExrN-G 
SCGAE THE BBE'W'ERE' Co^kEMEEClAL GLECOSE 

Hops. 

Hops, as known to Isrewers, are tlie strobiles, or greenish-yellow cones, 
of the female plant, consisting of broad and partly overlappmg scales! 
The male plant used at one time to be cultivated — that is to say, a ver\' 
small percentage of them among the female plants, say 1 in 20o’or 300, 
with the view of securing fecundation — hut such a course is now regarded 
both on the Continent and in England as xinnecessary. Botanicallv the 
hop (Humulus lupulus) belongs to the TJiticie or nettles. 

As is well knoMTa, Kent is the hop-gro'v\ ing county par exccUerice 
There is something in the soil of its lower greensand belt, and again m 
the loams and the kindly loamy clays of the so-called Thanet, Woolwich, 
and Heading beds, which is particijdarly favourable to the production of 
a good quality crop ; while, on the other hand, the heavier clays of the 
district, known as the Weald, are more remarkdble for quant ity/the crop 
there often in good years apiiroaelimg, or even exceedmg, a toil per acre 
In East and IVIid Kent and Pamham the average yield was formerly 6^ 
to 7 cwt. per acre, but with modem methods of production, the yield in 
some seasons, under favourable conditions, now reaches that" of the 
Weald.**® 

A full list of the principal Kentish, Worcestershire and Herefordahire 
hop-grow’mg parishes will he found as an appendix. 

A very capable authority, Inmself a IMid Kent grower, says : ‘'It is 
very remarkable that, given the very finest land in Illid Kent, and the 
most scientific methods of cultivation, with the very same climate, hops 
cannot he grown equal in quality to those produced m the contiguous 
East Kent districts barely ten miles distant ; and again, the hops grown 
in the adjacent Weald of Kent cannot ‘ hold a candle,’ in the matter of 
quality, to the produce of genuine Mid Kent land. The distinction in 
the colour, shape, style, and general appearance of the fiower-cones 
is most marked, and discoverable by the veriest tyro (!). The most 
inexperienced brewer can detect the difference of brewing value in the 
copper, and the most juvenile merchant can ‘spot ’ the Weald of Kent 
hops by the coarse and Jarge leaves, the thick stxigs, and the compa«rative 
want of refinement in the flavour.” 

* The average gro^h per acre in. cwts. of English hops for 1925 was 13*5, and in 
1924, 17 *2- The lowest average since 1907 was 6-69 cwts. per acre in 1909. 

89 
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The fliffftTftnt Hnda of Hops giown iu Englaiid comprise — Early Sorts : 
White’s Early (ddioate and shy cropper), Bramling (good compact cones), 
Amos’ Early Bird (Bramlii^ type, but earlier), Bennett’s Early Seedling, 
Sensham’s Jones’ Hop, Hobbs’ Early, Prolific, and Meophams. The 
quality probably in the order given, the last two very inferior. Wain 
crops sorts comprise Goldings,” Whitebines, meroei’s (reputed an earlier 
variant of the real Goldings), Cobb^S, an earlier ripening Canterbury 
Whitebine, and Fug^les*. Hnfortimately the name Goldings, known to 
all users of hops, is very loosely apphed. Originally a sub- variety of the 
Canterbury Whitebine, but differentiated from it by larger cones hanging 
on a more ^eckled and less luxuriant bine, the name Golding is now 
given to most first-class sorts. Even the mcongruity of Fugles’ Goldings 
is not mibiown. The Whitebines (Canterbury and Famham Whitebines 
and Mathons of Worcester and Hereford) are so closely related in botanical 
character that they doubtless are one and the same variety, and, says 
Prof. Percival of Wye, “ they all rank as hops of the very best class on 
account of the excellence of their flavour and their relatively high lupulm 
content. Owing to their delicate constitution they can only be grown 
in the most favoured chmates and soils. The Famham hop is slightly 
smaller and not quite so round in section as the Canterbury variety, and 
usually the petals are closer in their arrangement on the strig of the hop 
Their colour is also a shade paler and more uniform on both kinds of 
petals.” [These are the seedless and normally darker-coloured “ stipular 
bracts,” and the seeded “ braoteoles.”] All three have pale green bines. 
‘‘Fuggles’,” says Prof. Percival, “belong to the class of large hops, 
though considerably smaller than the Prolific and Meopham varieties. 
When fnlly npe the hops are squarer in section and pointed, very rich in 
lupulin but somewhat coarse-flavoured and lacking the uniform golden 
tmt of the best Whitebines. The petals are thick and strong, the basal 
ones being generally of a darkish green colour The plant is a heavy 
cropper, thoroughly hardy and well adapted for growth in the stiff damp 
land of the Weald and similar districts, where the Whitebine dies out 
rapidly. The bine is of a sap-green colour.” Late Varieties. — Grape 
Hops (cones appearing clustered, narrowish in proportion to length and 
pointed). Cdtogates (Long, narrow cones) are coarse, strong hops yielding 
heavy crops in the Weald of Hent and Sussex but not very rich in lupulm. 
Mayfly Grapes, Worcester and Hereford, said to be much less coarse 
than the same-named hop in Kent. 

[Prof. Peroival’s exhaustive paper in. the " Journal of the Boyal Agrioultuxal 
Society of England,” vol 62 should be read by all mterested m hops ] 

Norih ^^ts (or the Hfll) and West Kents are by the trade included in. 
Mid Kent, but experience of Mid Kent brewing goes to show that North 
Kents are very highly esteemed by brewers there, for a ddioaoy of 
flavour rather than potency ; althou^, as Mr. Whitehead says. Mid 
Kent growers do not like to confess any inferiority of their own produce. 
The finest hop land in England, he says, is that from Chatham to Favers- 
ham, and from Faversham nearly to Canterbury for some miles, ohieBiy 
below the line of railway, upon various clays, loamy clays, and loams 
of the Thanet, Woolwich, cr Beading beds and the Oldhaven beds over- 
lying the ehalk. As the chalk appears again, the loam surface decreasing 
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in tMckness, the hop-ground becomes less valuable ; but belovr Canter- 
bury, in the district from Chilham to Barham Downs east, hops of first- 
class quality are grown on somewhat sandy loams upon chalk, altho ngb 
the crops axe smaller and the poles required are shoirter. 

Thus far we have only spoken of ICent, but m many breweries, 
Famhams — i e., real Famhams, Famham Town district hops — ^are pre- 
ferred even to Fast Kents. At one time, when using choice Famhams 
frequently, it was generally said that when any gyle of pale ale was of 
especial merit, this appeared, upon reference, to be concurrent with the 
fact that a larger percentage of Famhams than usual had been employed 
in its production. 

On the other hand, in some districts, or it may be m some plants, 
where copper hopping has to be light, and where the pale ales go very 
speedily mto consumption, Famhams may give less satisfactory results 
than the milder and delicate hops of Worcester and Hereford. There 
seems indeed to be a certain astringency, combined with the great aroma 
of Famhams, which makes their position in relation to other hops com- 
parable with that of the highly flavoured astringent, Indian teas, in 
relation to the milder produce of China. 

The hop-districts of Surrey and BEampshire “ march together ” more 
or less, the most favourable soil being that referred to by Gilbert White 
as “ the malm, a sort of rotten or rubble stone, which when turned up to 
the frost and ram moulders to pieces, and becomes manure to itself,’’ a 
soil found in the neighbourhood of his parish of Selbome, m Hants, and 
Famham, in Surrey. These combined totriets, where “ Famhams ” and 
“ Country Famhams ” grow (marked with the bell, as Kentish hops are 
with the horse), are confined within comparatively narrow limits, about 
five or six miles wide by twenty or thereabouts in length. W'orcester and 
Hereford hops grow upon certain formations either of the new or old red 
sandstone, or the alluvium of certain rivers, “ Teme-side ’’ hops perhaps 
have the preference ; but the most favourable hop-growmg soil in both 
Worcester and Hereford is a red loamy soil on the old red sandstone. 

English Hops. 

Types and their Characteristics 

(from the Journal of the Hoyal Agricultural Society of England) : — 

Worcester Olathoa. — ^A whitebme grown originally in the ^lish of 
Mathon, a few miles from Worcester. Of the very hipest qusHty both 
in flavour and lupulin. A very old and mid-season variety identical 
with the Canterbury and Farnham whitebines. 

pramTifiga. — Originally grown at Bramling near Canterbury. One of 
the best of the early hops. It is of medium size, fi rm , compact androimd 
in section, with a well-elosed tip. Now grown in all the best districts. 

Fogles. — A mid-season or mM-n crop variety, very rich in lupuli^ 
but somewhat coarse flavoured. In shape the hop is large, square in 
section, pointed- The petals ax© thick and strong, and the basal 
ones of a dark green colour. The plant is hardy, a heavy cropper, and 
does well on the stiff damp land of the Weald of Kent, where the white- 
bines die oat rapidly. 
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C^terbnzy Wbifelnnes. — One of the best main crops of the finest 
fiaTonr and strong in lupnlin. So closely related to the Worcester Mathon 
anti iFamham wMtebine that they cannot be distinguished from each 
other, and are no donbt one and the same hop. 

Crooper’s White. — One of the best of the Worcester hops and of the 
■whitebine variety, but not equal to the Mathon in flavour. The main 
points of difference are that the Cooper’s White is a more delicate plant, 
the hops develop earlier and the petals aro larger. 

Gxapes. — So called because the hox>3 grow m thick clusters on short 
laterals. In shape the hop is long, narrow, square in section, and pointed, 
and is allied to the Fuggle, but is not such an abundant cropper. The 
Worcester variety is Imown as the Mayfield Glrapo, and has a better 
flavour than the Kent variety. May be considered the best quality of 
the late hops. 

ColeSates. — The latest hop to ripen, and consequently at times difficult 
to harvest. In shape a long narrow hop, square in section with thm 
petals, pale in colour. A very hardy variety and a heavy cropper. Has 
a strong aroma and makes a good yearling hop. 

Cobb’s East Kent Gdlding. — A medium sized hop with thin pale 
yellow petals, good in flavour but somewhat poor in lupulin. Itipens 
earlier than the whitehine but not so early as the Bramling. 

Frdlifiis. — One of the largest hops grown, but of poor quality, coarse 
in petal, pointed square in section, and poor m flavour. Grown in 
districts unsuited to the better kinds of hops. An early variety. 

Henhams Tones. — ^An early variety similar in appearance to Meophams 
but a better kmd. Of oval shape and medium size. Somewhat low in 
lupulin but of good flavour 

Bennett’s Early Seedling. — ^A medium sized oval hop, rich in lupulin 
with a moderate flavour. One of the two Fngliah hops (the other being 
the Fuggle), known with certainty to have arisen from seed. 

White’s Early Hop. — ^In quality one of the best of the early hops. 
Of medium size, pale golden colour and excellent flavour, hut the plants 
are delicate and rarely give a satisfactory crop. 

Amos’ Early Bird. — ^Of good quality, and ranks high among the best 
early varieties for cultivation in good districts. Somewhat similar in 
shape and colour to the Bramling but earlier. 

Hobbs’ Early ECop. — A long, narrow pointed hop, similar in character 
to the Prolific, but rather smaller, earlier in ripening, and of a slightly 
better quality, though it must be classed with the coarse varieties. 

Unreer’s Bodmersham. — A whitebme hop earlier than the Canterbury, 
though not so early as the Brambling. A good cropper, and the hop is 
rich in lupulin, but the aroma is not quite equal to the best. 

Plantin g, Poling, etc. — ^Two or three sets, as the root-cuttings, from 
which the young plants grow, are called — two usually giving better 
resets t ha n three — form “ a Mil,” and the billa ” are di^osed in a 
series of parallel straight lines ahont 6 feet apart, so that each hill is 
6 feet from its neighbours in front and behind, as well as to left and ri^t. 
The cost of poles, of 14 to 18 feet for Goldings, of 12 to 16 feet for Cole- 
gates, and 10 to 12 feet for Grapes, has been estimated at £6 to £8 per 
acre annnaby .^ Systems of wire training are now largely adopted. 

The dimatic conditioiis requited fpr a thoroughly good growfii of hops. 
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are, bnefly, weather such that the ground, can be kept clear of weeds, 
and “ a good crumb ” attained — viz., a thorough disintegration of the 
soil for the root fibres to run in , further, the absence of prolonged sprmg 
frosts, which check the growth of the young plants, a check which, it is 
supposed, make their juices more grateful to the winged and wingless 
aphides {" the fly,” or " lice ’') ; freedom, too, from spring drought, which 
encourages the attacks of *’ the flea ” ; and from very hot a nd dry 
summers, which bring “ the red spider ” After a sudden check caused 
by cold weather, mildew, the work of a parasitic fungus {Speeroffieca 
Gastagnei) may manifest itself by white spots upon the leaves, and is 
perhaps more to be dreaded than the other enemies of the hop plant. 

If it (the Spcerotkeca Castagmi) attacks the hops when in burr (i.e , 
the incipient cone), it prevents the development of the latter, arrestmg 
its growth at once , if it attacks the cone it soon takes possession of the 
dehcate intemal tissues a few hops so attacked utterly spoiling the 
sample. 

There is another fungus, too, familiarly knoun as the rust,” which 
attacks the leaves of the cones, rapidly turning them from a delicate 
golden hue to a dull creamy colour. The best remedy for either kind of 
mildew — ^though owing to the forward state of the iiop- when rus.t appears 
it is not easy to use it then — is sulphur freely applied by a machine with 
a revolving fan For aphis blight soft scan and water, ivith an infusion 
of tobacco, squirted over the plant's, is the iavounto remedy. Against 
the flea soot and lime aro used, but aio net considered verv ettective. A 
thunderstorm, accompanied by ram, is the only thorough remedy for the 
attacks of red spider. Ladybirds, on the other hand, are welcome 
visitors, being destroyers of ajjJiidcb 

The above forms a very emsory sketch of tht ills that the liup is heir 
to, hut will be enough to show the difficulty of prognosticating the crop 
and the truth of the old saw, which looks upon the prospect ot the yield 
as bemg full of peril up to July i25th at least — 

“ Until Sst. .Tames coi'<' an.i i 
T here may l*c hups oi the:t i i- i* 

And, even then, high winds may jirevail just b^tore and diini.g pickmg, 
and do incalculable damage to tho hops, le^sseruiig their condition, and 
bruismg and browning the tender scales of the cones 

Ciost of Tioduction. — ^This is difficult to asse^^, but it is said to anioimt 
on well-managed land to about £40 an acre, of which 50® o goes for manure 
and its application , over 30° o for pickmg, drymg, and selhng ; and 7°o 
for interest on capital. There are other outlays for digging, dressing, 
poling, tying, earthmg, tying top-shoots or “ ladder-tyii^,” “ mdgetting,” 
etc., which, though individually moderate, make up a considerable 
aggr^ate. A Worcestershire witness before a Select Committee put the 
annual cost there at £30. 

Spe<fifiC Ferialisatioil. — ^To test the view that male hops are useless, espemnents 
were at the Wye Agricultural College in Kent, by definitely impregnating 

with poll^^Ti the stigmas or “ brush ” appealing when female flowers are '* in burr.” 
On the opposite laterals “ controls ” were left unfertilised and carefully shielded 
from fttinnnp. impregnation. The fertilised hops went away ” seven to ten days 
ahead of the controls, which never caught them up ; th^ were brighter and better 
grown out the latter and were found to have more mould-resistmg power. 
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but the oil and alkaJoid-oontamizig seeds, as such, ai-e -nrorse than useless It would 
have been more oonolusive if separate plants instead of laterals had been experimented 
with. It is a known thing, in melon-culture for mstance, if one female flower be 
fimt feitilised and two others on the same plant later, that one flne fruit will result 
and two poor ones. The gardener therefore waits till he has three female blooms to 
fertilise simultaneously 

A good sample (tf hops should be of a bri^^t greezdsh-yellow, incliuing 
more to yellow than green, leaving, when rubbed in the hand, 3re]low 
traces, with a fragrant and powerful aroma, and a smooth and oily feel. 
There should he plenty of the yellow powder or lupulin, and that sample 
which shows stout, tiiick hops where it has been cut will be ccstearis 
•ptvnbm the fullest of “ condition.*’ The stems should be darker than the 
coixesponding strobiles, which wiU show that the hops have not been 
bleached witii sulphur 

We may supplement the above, taken from the early edition of this 
book, by Mr. Whitehead’s valuable summary. In a perfect sample the 
cones as seen on “ the face ” should be whole, with the stngs completely 
free from moisture, and the lupulin or gold-dust adhering to the bracts. 
But very few leaves should be seen, and the cones should be single and not 
in hunches, and of a brilliant pale gold colour. A pungent aromatic odour 
should proceed from the sample, without the slightest of the 

pecuhar sweet “ gingerbready ” smell, as of heated clover hay, indicative 
of too much heat having been employed in the drying process 

Upon rubbing down some of the sample m the hand there should be 
no residue of fibrous substance, but the whole should chaff finely, leaving 
a yellowish resmous deposit upon the fingers, necessitating the use of 
much soap to remove it. Good judges can determine at a glance, by 
looking at the sides of a sample, as to the “ thickness ” or “ condition ” 
of the hops and the state of maturity at which they were picked, by tho 
colour, quantity, and general appearance of tbe seeds, whole, or cut 
through by the knives. If hops have been scientifically dried and well 
managed the sample wiU be most elastic, and may be compressed easily 
into a small compass, and upon the pressure being removed will spring 
back to its former size This is a most valuable mdex of thorough and 
judicious desiccation. 

The seeds should be firm and dark in appearance, and should “ cut 
hard ” before gathering. When hops are, in merchants’ parlance, 
“ mashy ” — i.e., showing a considerable proportion of small fragments on 
the face of the sample — ^they are not fit for “ dry-hopping ” (hopping 
down in cask) with, because the small pieces give trouble as fliers ” when 
the ale is drawn, and because “ mashiness ” indicates some loss of the 
most valuable properties, either through over-ripeness or earless curing. 

The writer before quoted says that hops are sometimes purposely 
broken to disclose more of the clean mtenor of the hop, when more or less 
weathffl^ed and discoloured on the outside. In unbroken cones the lupulin 
glands (*‘ condition ”) are not only far better retained, but rough treat- 
ment may even rupture the glands themselves and expose the iresinous 
contents to the air, which converts them into less valuable forms. These 
lupulin glands, chiefiy developed on the bracts with seeds, appear on the 
seedless bracts of the best hops only. This is not necessarily argument 
for fertilisation, though it may be one against joasrtidl fertilisation, stimu- 
lating parts of a plant at the expmise of others . let the splendid hops of 
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Saaz, where the introdiictioa of male plants is penalised, hear witness- 
The brants of the best quality hops are broad with rounded tips , inferior 
sorts have them long and narrow with somewhat pointed tips. 

Of Continental l^ps the best growths are those of Saag (JBohemia) 
of Spalt (Bavana). These, as with us, are divided into a town district 
(Stadt Saaz and Stadt Spalt) and a “ country ” district (Spalter I^ebengut, 
Saazer Bezirkshopfen, and I^eishopfen). The Bavarian mark best known 
in England is Haillertau, ranking as below. Local prices rule so high for 
the best sorts, especially those “ with seal and certificate,” that, beyond 
the Scotch lager brewers, there are probably few in the United Kingdom 
to use them. 

Thausing (6th edit.) gives the following order of values : Saaz 
(choicest), not necessarily “ Saaz Town ” growth, but often from the 
Goldbachthal of Saaz district , Saaz (choice) ; ^alt (choicest) ; Saaz 
(“ country ”) , Auseha (red-hop district, choice) , Spalt (choice) and 
Kinding (a small growth) ; Sp^t (country) , Auseha (red-hop diknet, 
second quality) ; WolnzaGh and sealed Au hops (Auer Siegelgut) ; 
Hallertau , San^ausen and Sohwetzingen (Baden) ; Posen ; TTurtem- 
berg ; with 11 other growths not much known in Great Britain ; Bur- 
gundy ranking 19 , Auseha (green-hop district) 20 ; Altmark 22, and 
Belgian 23. 

In the red hops (Kothhopfen) the desiderata of a good hop are exem- 
plified, bracts tender, “ strigs ” thin, lupulin aromatic, and seeds very 
small ; W'hile the green hops, the heavier croppers, have coarser bracts 
and strigs, with generafiy larger seeds, and flavour sometimes suggestive 
of garlic. 

Americaa and Britisli (Tolumbian Hops. — ^America is the factor which 
our native hop-growers have to reckon with, particularly as the hops 
sent thence, m spite of a flavour sometimes suggesting that of black- 
currant leaves,* are preferable to inferior Continental sorts and make 
excellent ” yearlings.” All imports of Foreign and Colomal hops have 
now to pay a duty. 

Of Umted States hops the top pnees are usually made by New York 
States, second and third grades of which make Pacific prices These, 
the West Coast hops, usually rank as follows : Sonoma, Oregon, Washing- 
ton Territory, and, last, Sacramento. 

British Columbia has produced magnificent hops, combining size and 
brightness with the aroma of best East Kents. Cultivation has increased. 
It is feared that fertilisation e^^periments with male hops may deteriorate 
their splendid quality. 

BelgiaiL Frea<fii Hops. — The best-known Belgian marks are Alost 

and Poperingbe, hut these hops are not usable m high-class beers. Other 
hop-growing districts are those round Mons, Namur, Asschd, Henzies, and 
Opwyck. 

The best-known Erench hops come from Burgundy. Those grown in 
the north of France are absorbed by the local trade, relatively important 
there. 

gnl pTtf wwl Ho ps, — Sulphur is used in two ways. (1) It is sprinkled 

* A" tbs mAjonty of tho hops produced on tho Pscific Coast are now grown from 
English, sets, th© flavour and aroma mentioned, origin al ly vmy prominent, are now 
oonsidarahly modifled. 
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on the plarit. to check bhght and mildow (but note that careful growers 
rarely sulpliTir after the biiir has developed). (2) It is burnt under 
the hops while on the oast for bleaching purposes and reaches them, 
not as sulphur, but m the form of sulphurous acid. 

Now as regards the first method, unoxidised sulphur is msoluble in 
ordinary media, and even large quantities mixed with yeast have proved 
no check to fermentation, though sometimes supposed a factor iii 
developing the disagreeable sulphuretted hydrogen ; so that undissolved 
particles would be chiefly objectionable as indicating imhealthy conditions 
of growth. Probably srflphurous acid (SOg) is slowly generated, and this 
IS readily fixed by the lupulinio acid {see p. 97)*, but the combinations are 
unstable, easily decomposed by water and the risk of injury to quality 
applies more to the kiln application. (2) As regards this a specialist in 
hop analjrsis (Koeberliu) mamtains that 1 SO 2 combines chemically with 
the hop constituents, permanently modifying the bitter principles and 
antiseptic quahties He compared the filtrates from 10 cc. of sulphured 
and 10 CO. of unsulphured hops, each boiled in 200 cc of water, and found 
that while the first was agreeably bitter and aromatic, the second had a 
bad odour and a peisistent, unpleasant bitter flavour. 

Nor can we ignore the risk (greatly magmfied when 7tiaU is sulphured 
to get artificial paleness) that sulphur, even the non-arsenical Sicilian 
kind, may, when thrown upon the fire, exert a temporary reducing effect 
rendering arsenic volatile Messrs. Baker and Dick (Royal Commission 
Arsenical Poisoning Report) have often found from \ to gram of 
arsenic per lb. of hops 

The most impoitot Constituents of the Hop are : — 

1. Essential flavourmg oil (0 2% to 0 5%). 

2. Lupulinic acids — a- and (3-acids, readily changing into a- and p- 
resins (another Y-a<oid and corrospondmg resm also obtained). Perhaps, 
but not necessarily, corresponding with the “ hard ” and “ soft ” resms 
of Messrs. L. Bnant and Meacham. 

3. Bitter principles, intimately associated watli the a- and p -resins. 

4. Tannin (2*5% to 6 0%) and plilobaphen. 

5. An alkaloid, narcotic m character, chiefly in seeds 

The first three are contained in and vary with tho amount of the 
lupulimo glands or “ Lupulin,” the yellow powder or “ condition ” which, 
when hops are rubbed, makes the hands sticky with aromatic matter. 
The essential oil, though it has a boilmg pomt considerably above that 
of water, volatilises with steam, so that while B[antke, an American expert 
m brewing, held that 30% of the oil from hops of the highest quality 
mi^t remam dissolved m the wort, and that the better the hops the more 
closely would this solution point he reached, A. C. Chapman’s researches 
go to prove that no unaltered hop-oil remains. 

The a- and ^-Acids and Resins. — These bodies, extracted by various 
solvents (ether, methyl, alcohol), the oc-acid being separated by formation 
of a lead salt of it, aje, in the resm form to which oxidation polymenses 
them, the source of tiie bittering pimciples. Though a- and p -acids 
have many chemical properties in common they differ in meLting-point, 
solubility, crystalline form, etc., the crystals of the foirmer being aTYiwII 
rhomboids amd those of the latter long prisms or needles. The former is 
identified with high bittering power, but in hops giving a mild flavour it 
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is 'the ^-acid. wliicli lands to be beyond its normal. R6my found the 
total acids ranging from 110% to 18*5%, the a-acid raiying from 3*5% 
to 6-6% and the p-acid from 7*5% to 12-3% ; an extraction of hiptdia 
■with ether gave, ho-vrever, only a shade over one-fifth of total resin as 
cc-T^inprecijaitated wiih lead salt. 

Lupuhnic acid (0253^^0^) exposed to air, "whether in the light or 
dark, was found to become yellow and cheesy, while that in a closed 
tube filled up with hydrogen remained perfectly white ; it also kept wdl 
at low temperatures. It is clear, then, that here we have one source, 
possibly source, of valerianic acid. 

Lintner and SchneU (1904) have obtained an acid derivative— the true 
acid, as they, suppose — from a-acid. The latter, as a pseudo-acid, they 
propose to call Humulone,” and the derivative “ Humulinio Acid,” 
retaining the name ‘* Lupulinio ” for the ^-acid. The formulae given 
are humulone and C15H24O4 for humulinic acid. 

Whether the at- and (B-resins are identical with the hard and soft 
resins of Briant and 3£eacham is uncertain, nor is it decisively proved 
that these, extracted respectively ■with ether and petroleum ether, are 
chemical entities or mixtures of resins ; one thing appears certain, namely, 
that the conihtions under which hops deteriorate cause a diminution in 
the so-called “ soft ” resins and an increase in the ‘‘ hard,” consequently 
it would appear that the soft resins are, as claimed, pieservaiiTes and the 
hard ones practically valueless. Therefore a method which determines 
the total resins, dividing them into the valuable soft and the comparatively 
valueless hard resins -with relative ease and certamty, even if there be an 
analytical error of 1%, is one of extreme value , it is earned through as 
follows : Five grammes of hops placed in a Soxhlet extractor are com- 
pletely exhausted with petroleum ether. The ether residue is freed from 
wax (about 0 18% weight of lupulm) by treatment with 90° o alcohol, 
dried agam to remove the alcohol, heated for six hours to 90° C , and 
weighed as ‘ * soft resin. ” The *' hard resm ’ ' is detenmned by exhaustmg 
the hops a second time "with ordinary ether 

Expenments made with hops from which the oil had been removed 
gave beers of which the soundness, flavour, and brightness were unsatis- 
factory, even when an equivalent of oil had been replaced. This was 
attributed to a marked conversion of soft mto hard resins, but it points, 
too, to an intimate connection of oil and resins which mav somewhat 
discount results got by boding wort 'with hop-oil alone. 

Tannin * (C25H24O13) and Phlobaphsn (CgoH^gOos) —The plenty or 
scarcity of tannin connotes, according to Mr Heron, the abundance or 
scarcity of other desirable constituents. He combats the "notion, pre- 
viously held, that it influences precipitation of albuminous matter as 
insoluble tanrtate oj albumen, maintaining that the precipitate caused 
by hop-tannin is tanno-peptone, which redissolves in the wort. Phlo- 
baphen, found by Etti and Hayduck together with tannin, was hy 
them to form an insoluble compound with the albuminous matter of wort. 

* Taxmm is precipitated by gelatine from a clear solution, and nse is made of this fact 
in determining the amonnt present m hops. The difierence between the amount of per- 
manganate solution decolourised by the two solutions (before and after the gelatine 
treatment) gives the oxygen required to oxidise the tannin* The eracf point is got by 
added indigo, which is decolourised by O, but only after the taanin has aU been dealt 
with. Gold chloride is a delicate test also. 
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Exbaction in Copper Wort.— The main object to be attained in 
subjecting hops to a more or less prolonged boil in the copper is to extract 
their aromatic, flavouring and preservative attributes and to promote 
coagulation of certain proteins — ^an essential process in the refinement of 
•wort. The q[uestion of deterrmning the correct period of ebullition to 
which ■the hops should be submitted has always been a controversial one. 
Excessive boiling results primarOy in an undue disintegration of the hops 
to an extent that reduces them to a pulp, in which condition they cease 
to function as a filter bed in the hop back. Eurther, a prolonged boihng 
of the hops beyond that necessary for a particular blend will indubitably 
result in defeating the purpose in view in another important connection. 
The preservative and bittering principles of the hops are contained within 
the soft resins, and when these are extracted and yield up their valuable 
contents to the wort, an additional boiling beyond that stage tends to 
Ite conversion of these soft resins into hard resins, which not only possess 
little if any preservative value, but produce harsh and aond flavours. 
The varied and pleasingly aromatic and dehcate flavounng properties of 
the hop are present in the oil, which is extremely volatile at the normal 
temperatures of boiling wort from 216° F. to 218° F., and this leads to 
another and very important aspect of the Q^uestion. With ordinary open 
coppers or even with those equipped with “ domes ” and especially 
where ^ fountains are installed, the volatilisation of the flavounng and 
aromatic principles readily occurs, and it was with a view to obviating 
thdr dissipation to the winds that gave rise to the practice of addmg a 
definite proportion of the total hops of those of better quality at half 
time or later at 30 minutes pnor to casting or turning out. Doubtless 
by adopting this precaution the readily volatile ods are retained in the 
wort, but experience has proved to us that short boihng periods, while 
acoomphshing the specific object just referred to, are not sufficient to 
e^act the remaining hop p:^ciples with the inevitable result that when 
this ^eory is adopted ^e flmshed beer exhibits a lack of general character 
m the general direction of being definitely under-hopped. Although 
probably no returns ” of beer may be received as the outcome of 'this 
change^ of brewing procedure, yet the alteration in palate flavour will be 
unmediately detected by the consumer and complaints will reach the 
breweiy from the retailer on the ground that some form of indefinite 
alteration in flavour and fullness has occurred to adversely affect his 
sales. An immediate reversion to former working methods of copper 
hop manipulation will be rendered necessary to restore the finished 
brewery produce to its customary position of popularity in the eyes, and 
especially on Ihe palates, of the customers. If a continuance of this 
^stem of reta ining a portion of the hops for a brief boihng period is 
decided upon, then an morease in the total hop rate — with the a/lrli*inrni.l 
cost mvolved— is imperative. With a view to solving the difficulty many 
expements are adopted to secure the maximum amount of elusive aroma 
and flavour available. 

In one instance where the question of economy was ignored, a further 
hop rate was employed, and material selected for its especial flavouring 
qualities was distributed at the moment of casting or •turning out 
copper equally over -the plates of the hop back. 

By this means the oils were readily dissol-ved during the “ stand-on 
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and remained in solution yirtaa]ly, no opportunity being thusprovidedfor 
Tolatiilisaiiion, and the finish ed beer iras un^uestLonably vastly improved 
in flavour and aroma. We are not advocating this costly procedure, 
■which merely and obviously secures from the hops partial extraction of 
their constituents. In France we found that by the Prache «T>fl Bouillon 
process of rapid and intense concentration of the -wort the latter only 
passed through a filter bed of hops as the wort "was carried to the refri- 
gerator, and although the finished beer differed in many respects from the 
Sritish article, yet the aroma and flavour were prominent and pleasing. 
Owing to the prevaihng custom of producing qmck running ales in winch 
dry hopping is emplo 3 red, distinctive aroma is absent, but where time is 
allowed m the case of semi-stock beers for hops in to be employed, 
then we prefer to rely on these for aroma, adding the entire amount of 
copper hops to those vessels for the full period determined The question 
of the relative periods necessary for the boding of old or new hops calls 
for a brief word. With age soft resins are reduced to hard resins, yielding 
a harsh, hitter flavour, consequently old hops should receive a shorter 
hoilmg period than new The agitation the hops are subjected to when 
“ domes *’ or “ foimtains *’ are installed in coppers permits of a more 
rapid extraction of the hop constituents m which instances shorter 
boiling periods can be adopted than m the case of open coppers Domes " 
although they produce over- disintegration, are useful where a copper has 
a tendency to bod over, but “ fountains " mtroduced when the theory 
of aeration was popidar are now discarded as aeration above 190’ F is 
not feasible and foimtains rapidly dismtegrate hops to a pulp inth conse- 
quent difficulties m hop-back filtration and the re-dissolution of the 
coagulated wort proteins. 

Diy-Hbpping. — ^The hops used for dry-hoppmg or * hoppmg down. " 
must be npe and full of aroma, and m bujnng them for this purpose a 
careful search should he made for traces of disease between the petals ” 
of a reasonable number of the cones. Freedom from sulphur in any form 
(for which tests are given m the Laboratory Chapter) is specially important 
here. The existence of diastese in hops, which was pointed out by 
Brown and Morris, may be noted as probably influencing secondary 
fermentation, by acting upon dextrm bodies 

Dry-Hopping Bates. — ^It is customary in many breweries to adopt a 
“ flat ” dry-hopping rate of a defimte amount calculated per barrel. 
Not only should the dry-hoppmg rate be adjusted in accordance with the 
probable length of time any particular size of cask is expected to be on 
draught, but, what is of considerably more importance, the comparative 
superficial area of the timber of different sized casks. No cask, however 
well cared for, and no matter what treatment it receives prior to passing 
to the rackirg room, can be r^arded as absolutely sterile, and the 
comparative wood surface to which the beer is exposed in cask must be 
taken mto account when calculatmg tke diy-bopping rates. In point of 
fact, the soiface contents of a pin per gallon is virtually twice that of a 
barrel, and the greater contaminating potentialities of the first-named 
vrasel for carrying beer ” must be recognised accordingly. It is absurd 
technically to employ a hop rate of one ounce for a pin where ei^t 
oimces are added to a barrel in the same gyle. The following are the 
approximate figures for various sized casks of the area of wood surface 
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exposed to the action of the beer : — ^Bamels 68 sq^uare inohes per gallon, ; 
iril/lftrlriTifi 86 square inohes per gallon ; Firkins 107 square iaohes ; and 
Fins 130 square inches. 

fifatriTig Hops and Cold Storage. — ^Fhe general hop-store should be dry, 
fgaylriah (even light -proof), free from draughts, and cool, as the opposite 
conditions favour l^e oxidation which results in a more or less cheesy 
odour (valerianic acid) being developed. Of late years it has been found 
that good hops held in thorou^y insulated stores, which can be kept at 
a temperature under 32% will come out in 9 or 12 months almost as good 
as new."* .Alternative methods of chilling the stores are by a series of 
pipes, through which brine several degrees below freezing-point circulates, 
or by air cooled outside the store and kept in slight but oontinous circu- 
lation. There is a risk that this movmg air may have more effect on the 
hop-constituents than the still air of the pipe S37stem, though minimised 
by the fact that the same air is used over and over again. Danger of 
<Mp from the pipes of the first method may be guarded against by 
suitable troughs, and mdeed will never arise unless the brine-circulation 
be accidentally stopped. Otherwise the chilled surface of the pipes 
attracts every possible particle of moisture from the air, retaining it in 
frozen form and keeping the air practically dry. For a private cold-store 
there is no better arrangement. 

Liftaence of Hiying Temperatures on Soft Resins. — Commenting 
adversely on some high “ oast-house ” temperatures recorded in the Wye 
OoUege experiments (c/. p. 137) a Hereford grower, writing to the 
Brewers’ Journal, gives three analyses of hops dried with heated air 
driven by a very powerful fan, in which the recorded heats ranged in 
10 hours from 66° to 108° Fahr., the actual heat on hair-cloth being there- 
fore always well below 120° Fahr. There were two kilns, fitted with 
Hethenngton’s roller floors and each of 800 feet area. The quantity 
dried was 1 to 1^ bushels per square foot m 9 to 11 hours. The amount 
of soft resin is much above normal, the moisture not excessive. (Best 
moisture limits, at time of pocketing, 8% to 11%. When it is lower 
than the first, the hops may be brittle, when higher, likely to be slack and 
keep badly.) 




Soft resin 

Hard resin. 

Total. 

Moisture %. 

1. 

Bramling 

. 14-1 

4-1 

18-2 

12-4 

2. 

“ Mathon White ” 

. 14-7 

3-4 

18-1 

12*2 

3. 

Bramling 

. 14*0 

31 

17-1 

11-1 


In earlier editions of this book it was suggested that the fugitive bitter 
of the new hop — i e., one which soon leaves the palate clean, unlike the 
obliging bitter of older hops, may be akin to the glucosides, bodies which 
break up under the influence of dilute acids of enzymes (e.{7., ptyalin in 
saliva) into sugars or cognate bodies ; and salicm was named as one whose 

* It is estimated that the amomit of detenoration which hops undergo after five 
years ia cold store is 40%, or an average of 8% per year, agaiiist a detedoratioii of 60% 
if the hops axe stored under oidinsxy conditions, or an average of 12% per year. A new 
and extremely impwtant development m this conneotion is worthy of note. It has heen 
jWT'ed that when hops are remoTed from cold storage and stored under ordinary con- 
ditions deteriotation proceeds at the same rate as is usual with ordinary stored hops, at 
any rate so far as the resins are oonoetned. > 
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bitfcern^s, ezpexlmced whea a drop or two of its saturated solution is 
placed on the tongue, soon disappears. 

Baying. — ^lu estimating the coming yield, with regard to the question 
of purchasing or not, it may be well to remember that it is likely to be 
over-estimated when the summer has been backward, and the crop is 
accordingly what is called a top-crop,” and that where bigb winds 
prevail during picking, the quality and condition of the hops are much 
decreased ; but on the other hand very little faith should be placed in 
predictions of a total blight, a favourite forecast of those who have hops 
to sell. ITearlings, the hops of the previous year, though indispensable at 
the beg inning of a season, can never have later the brewing value of new 
hops. Those of two seasons back are “ olds,” hops more ancient still are 
“ old-olds,*’ according to the year of growth, and obviously have little 
or no brewing value. 


SroAES. 

The sugars are not the least important of the carbohydrates (so called 
because m addition to carbon they contain hydrogen and oxygen in the 
proportion in which these two elements combine to form water — ^2 : 1). 

The sugars specially interesting to brewers are • — 

(1) Glucose, Grape-sogar, or Dextrose (when pure).— Can be prepared 
either from separated starch or from a starch-containing grain 
by boiling with sulphuric acid under pressure, the acidity bemg 
afterwards neutralised as in (3). 

(2) Sa.ccharose, Sucrose, or Cane-sugar (including beet-root sugar), 

some bemg “ raw,” others refined, but neither fermentable 
without inversion, which however readily takes place under 
ordinary fermentation conditions bj’ the agency of invertase, 
(invertm) secreted bv healthv veast. Does not reduce 
“Fehlmg”* 

(3) Invert Sugar, separable into equal parts of dextrose and levulose 

(fruit-sugar, fructose) Obtained commercially by boiling a 
solution of cane-sugar, acidified with a small percentage of 
sulphuric acid This operation is, as with glucose, effected under 
pressure to save time, and in both cases the sulphunc acid, which 
itself undergoes no change (its action being catalytic) has to be 
subsequently neutrahsed with whiting. Sidphate of lime is then, 
formed and precipitates on standing, or may be removed by 
filtration. 

(4) Tffaltngfl not being commercially produced, will be left till the 

chapter on flashing. It is the ultimate product of diastatic 
action upon starch, and it is reduced to Dextrose by the action 
of Maltase, an enzyme contained in yeast. 

A proems for inverting cane-sugar hy invertase (F. TV’. Tompson’s 
patent) yields a product in which sundry unfermmitable, richly flavouring 
bodies, formed m the acid inversions, are lacking. 

* Tr Ahiing ’a solutioit, whicli will bo more folly treated in tlie chapter on Laboratory 
Work, is an alkaline solution of copper solphate (to which it owes its hlne cdoar). Certain 
sugars, e.g., ghacose, invert, and maltose, have the propexty, when bdled with the Fehhng, 
of disohargirig the bine colour and precipitating the copper of the solphate as a red pre- 
cipitate oT copnaua oxide, reducing the cupric salt to cuprous. 
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The equations whioh represent the hydrolysis ooourcing in the manu- 
facture of brewing-sugars ore (the n prefeed signif 3 nng possible multipli- 
cation by some large number) : 


1 . 


2 . 


Staioh (or grain) 
boiled mth water 
and aoid. 

Cane-sugar boiled 
with water and 
aoid. 


r»(C«HuOg) -f- n(!B[gO) = n(CgHj^gOg). 

[Starch and water yield dextrose.] 

• Or if the conversion be not pushed to extreme 

2w(C,Hio 06) -f «(H,0) = wCCgHioOa) + n(C,Hx,0,). 
\ [Starch and water yield dextrin and dextrose.] 
r^ia®-aaOll "h HgO •= CgHlgOg CgH^gOg. 

J [Can-«ngar and water yield dextrose and levnlose.] 


Invert sugar. 


Gtallism and Dsomaltose. — ^EYee use of commercial glucose, when con- 
taining much dextrose, tends to extreme attenuations ; but it is said 
that the teodenoy is, or should be, counteracted by the presence of 
gaUisin, an unfermentable constituent, of which as much as 15' 9% has 
been determined in maize glucose, and around it and isomaltose a 
maddening controversy surged. Some derided the supposed importance 
of gaJhsin, allying it at the most to be a crude form of Emil Fischer’s 
isomaltose (a disaccharide isolated from glucose in the form of its 
ozazone,* of which 2% was found in glucose and unfermentable). This 
same name, “ isomaltose,” has been used by Dr Tjirtf-.uftr for a product 
isolated from a diastasic starch conversion . Tbe upholders of the amylom 
theory assert Lintner’s isomaltose to be merely a mixture of maltose and 
amyloins ; be, however, stoutly stands by it, stating that tho mam 
difficulty of proving its individual existence lies in the fact that it does 
not crystallise. The subject is too thorny to discuss further here. 

Conunsicial Cane-sugar. — Commercial sugar is obtained either from 
the sugar-cane or beet {Beta wlgaris), the latter bemg far mferior to the 
former for the brewer’s purposes, owing to certain objectionable flavours 
which, except in the best refined samples, are only too prominent. 
Maple-sugar is also extensively used in America ; tbe Java palm also 
yields sugar where it flourishes ; and certain grasses. Sorghum vulgare 
and Sorghum, ^hccTMTatum, have been cultivated for the same purpose 
in the United States, and even tned, but without success, owing to our 
uncertam summers, in the United Kingdom. 

Accordingly, when we speak of cane-sugar apart from nbATnifial 
surroundings, we mean the produce of the sugar-cane as distinguished 
^m beet-root sugar. In spite, however, of objectionable alkaline 
flavours due to large proportions of salts of potash, and even a slightly 
lower degree of sweetness in its finished samples, beet-root sugar is a 
formidable rival to cane-sugair, not only on account of the bounties paid 
to foreign exporters by their Governments, but because, owing to the 
comparatively stable nature of the crop, the factories dealing with the 
raw material can keep longer at work, and because tbe beet-root juice 
contains a smaJl^ proportion of unerystallisable sugar than that from 
sugar-cane. It is only, in fact, by adopting the most improved methods 
(amongst them extraction by the diffusion process instead of by crushing) 
that the planters of British Guiana have been able to hold their own. 


are oom^un* fanned by carbohydrates, except cane-sag«ur with 
pneaylhydxazijie, in acidmeauun (e.p„ maltosazone, glnooaAginnft, eto.% 
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As it IS, lD6zn.6r9.r& sug&r from tliat colony is pozli 3 .ps ^116 best snd pursst 
in -tbe world.* 

The amoimt of crystallisable sugar in a juioe forms its standard of 
value, — ^the “refining value,” — and may vary considerably, even in 
samples which actually contain the same amount of sucrose. Especially 
in the case of cane-sugar, the natural acid of the juice in a hot climate 
tends to invert part of the sucrose, and this inverted sugar is not only 
non-crystaUisable itself, but prevents the crystallisation of an eq^ual 
quantity of urunverted sugar. Ash also a factor in non-crystallisation, 
one unit, roughly speaking, rendering five units of sugar unciy^tallisable. 

But from the invert-sugar maker’s point of view this is probably not 
a question of much moment, although it is supposed that the removal 
of a portion of the crystals, before inversion, is not an unknown operation. 

Cane-sugars are divided mto raw and refined. In preparing the 
former, often only the crudest method is used , for instance, the syrup, 
whether decomposition has set in or not, is just boiled down to crystallising 
point over an open fire, and this point being reached, the fiuid is run into 
casks, which are then turned bung downwards for the uncrystallised 
portion to run out This, the molasses, is then rebelled in order to get 
another supply of crystals 

Such being the method employed, it is not surprising that low-class 
raw sugars, Barbadoes, J aggery, or Bastards, and indeed ordinary unrefined 
sugars generally, contain impurities of a revolting character. Am o ng 
these are fungus spores (probably including that of Leuconostoc mesen- 
teroides, supposed to he the cause of the viscous fermentation of sugar 
refineries, the so-called FroscMaich, frog-spawn, or Oomme de sucrerie of 
German or French refiners), bacteria, and baedh in ho>5t5, not to speak 
of the acarus sacc7iari, or sugar mite, an insect visible to the naked eye in 
its adult stage, but existing either iu the egg or as a developed organism. 
Tins insect is the cause of the complamt known as “ grocers' itch ” to 
those who have what is techmcally known as " the handhng,'’ f but 
which we may translate by its more smister synonym, “ the mampulation ” 
of sugars. Beside these, fragments of sugar-cane, except as mdicating 
not the most careful manufacture, are ummportant items. 

Dr. Hassall, who had had a large experience in the analysis of all 
sorts of foods, stated that out of 72 samples of brown sugar, purchased 
at various shops, microscopic fragments of sugar-cane were present in all 
but one ; sporules and filaments of fungus m nearly all ; the acari were 
found m 69 of the samples, and often m considerable q^uantity. 

The present writer has detected, amid a horde of disease ferments, 
what he bebeves (as firmly as he can without the check of after cultivation) 
to have been a growing spore of Leuconostoc mesenteroides ; and the 
probable connection of this organism with subsequent ropiness should 
not be lost sight of, especially in view of the facts, that if any beers show 
a tendency to become ropy, English black beers do so (in bottle if at all), 

* lt> may be interesting to note that the best sugar tends to connote the worst nun, 
and vice versA, Demerara rum. and Jamaica sngar bestr witness. 

■f “ WarKning ” consists largely of mi'riTig various qualities— «.g., coarse dark with 
light-coloured attractive sugars, with such unholy skill t^t the fraud (for it is palmed off 
at the price of the best) shall not be apparent. On account of the difficulty which sugars 
having a large crystal offer to this sort of " handling,” they are somewhat out of favour 
with the trade. 
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t^at these are the very beers in which crude, unrefined sugars are 
most largely used. 

Were it not for these abomiimtions there would be much to be said 
in favour of dark-coloured raw sugars for the manufacture of porter and 
of ales, other than pale or bitter ales, owing to the undoubtedly more 
pronounced flavour imparted by them than by the higher q[ualities of 
refined ; but, as matters stand, they are only fitted, in their crude state, 
for a “ running trade ” in a not very high-class article, the producers of 
which have made up their minds to face the necessity of frequent changes 
of “ pitching ” or “ store yeast,” with all the drawbacks involved therein. 

Tlie ease might be somewhat different if a previous inversion of this 
raw cane-sugar were the rule, because the boiling with the acid, which 
takes place the day before the inverted product is used, when inversion is 
carried out in the brewery itself, would certainly destroy existing adult 
bacteria, and what is even more important, because more difficult, it 
would facilitate the destruction of the spores of those bacteria, which, as 
scores, can survive even a prolonged continuous bod, but which, when 
the boiling is intermittent, are stimulated Into assuming the adult form 
by the first boding, and in that phase of their development are ready to 
be slain by the second. 

But for this, it is not very easy to see the advantage of inverting (which 
some do dispute, though the majority consider it a self-evident propo- 
sition), because we know that yeast secretes a ferment or enzyme called 
inverbase (invertin), quite apart from its well-known fermeniative action 
upon certain saccharine bodies, and that this enzyme, which indeed — 
as we have seen — can be entirely separated from the yeast (not losing, 
at any rate, if not gaining, vigour by such separation), has the function of 
inverting cane-sugar into a mixture of dextrose and levulose —i.e , of 
converting the non-fermentable into a fermentable sugar. 

Thus it will be seen that it really is difficult to say why a perfectly 
pure cane-sugar, uninverted previously, should not, if boiled with the 
wort in the usual way, get inverted in the fermenting vessel and give 
satisfactory results ; unless it could be shown, which, as far as we know 
has not been done, that the mverting enzyme miist be separated, or that 
yeast engaged m vigorous reproduction and fermentation is incapable of 
secreting it. This may be so to a certain extent. There is analogous 
evidence in the case of another enzyme, diastase, the secretion of which 
by the special organ of the grain seems to be “ a starvation phenomenon ” 
— i.e.f to be at a standstill when there is a plentiful food supply in a very 
assimilable form. 

In the case of common unrefined sugars the facts, first, that the yeast- 
crop would be severely handicapped in its struggle for existence by the 
introduction of a horde of bacteria, probably in a very active condition, 
and again that such sugars contain nitrogenous bodies of uncertain and 
presumably unstable character, afford good reasons why the neglect 
of previous inversion, and that too by boiling with acid to minimise one 
of these evils at least, is not to be thought of. 

This, accordingly, wiU he the place to introduce a description of the 
method of inverting cane-sugar in the brewery, premising that, in 
companng costs, the brewer will remember that he gets the use of a 
material giving an extract of 84 to 88 brewers’ lb., or thereabouts, per 
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2 owt. as against 70 or 72 brewers’ lb., given by invert [or in other words 
he puts into Ms own pocket the profit made by the increase of bulk, and 
again another profit — for that increase of bulk (19 parts cane, 20 invert) 
cannot account for the greatly lessened extract— due to fixation of water]. 
.Again, he saves the expense of evaporating Ms product down to ostensible 
dryness, or at least down to a concentrated form, which the invert-sugar 
maker must do to bring his wares into transportable bulk. 

So that, evidently, if a good supply of real and unmixed cane-sugar 
can be depended on, there is a good margin to make the operation of 
inverting one’s own sugar a profitable one 

Against this may be set the fact that the brewer has not time to 
remove by filtration through animal charcoal, as the invert-sugar maker 
does, the colour imparted by the boiling with sulphuric acid, so that there 
would be a difficulty in using sugar home-inverted on the sulphuric-acid 
system for pale or delicate-coloured ales. For these, then, if previous 
inversion is a sine gu& non, Tompson’s patented Yeast Inversion Process 
must be resorted to, as it imparts no colour. Its mampulation is easier, 
too ; but, as has been said, unless sugars of the highest class are employed, 
one safeguard is lost. 

The following is the method suggested by Dr. Graham, who did so 
much to emancipate practical brewing from rule-of-thumb tradition — 

To Invert Cane-sugar. — ^Fill a kilderkm nearly to the brim v ith water, 
then add 10 pints of sulphuric acid (spec. gr. 1840, water = 1000). 
Then, disregardmg the decimal, because exact measurement wuth the 
dilution is not necessary, 10 pmts of the undiluted acid we%h 22] lb. 
(1 gallon being taken = 18 lb ) = 360 oz. But the 18 gallons dilute 
acid = 144 pints — i e., each pint of it corresponds to 2] oz of the original 
acid. After these preliminaries the next steps are as follows : — 

(1) Bun into the dissolving tun 22 to 23 gallons of boilmg water for 
each cwt. of sugar to be inverted. 

(2) When ready to add tlie sugar, put in the dilute sulphuric acid m 
the proportion of 2 pints per cwt of sugar 

(3) Add the sugar, distributing it carefully , turn steam on full, and 
as soon as the sugar is in put on the lid. 

(4) When the contents begin to boil the steam may be reduced. 
Actual hard bodmg is unnecessary, though a temperature of 212''’ must 
be mamtained. 

(6) Boil for two hours. When steam is oS and lid removed, add 
whiting, gradually and with great care, otherwise the contents of the 
vessel wiU effervesce so much as to bod over. 

(6) The whi ting being added (say 10 oz. for every 2 pints of the 
dilute acid), the steam is to be turned on agam for half an hour so *is to 
mix the whiting 

(7) The solution should settle before draining off ; also it would be 
well to mm it throu^ a (strongl calico filter. 

The Hftaignftr of this method was content to have this inversiontake 
place on the same day that the sugar was to be used. In another modifi- 
cation of this system, which differs in mere points of detail (e.p., in using 
1 lb. of acid and 2 lb. of whiting per cwt. of sugar, and in making up the 
bulk of the boiling li<piid to exactly one barrel inclusive of the sugar), it 
is recommended to invert the sugar a half-day before using it, say in the 
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afternoon of the day before the one on which the sugar is to be used. 
It is essential to test the solution with litmus paper, in order to be sure 
that the acid is neutralised. 

Commercdsd Glucose is manufactured upon similar lines, that is, by 
the action of dilute acid, at a temperature of boilmg, upon starch. In 
f-.Tria country rice, maize, and for one brand sago, are employed, but any 
source of starch will do. A good deal of the Continental glucose is made 
from potato starch or “farina/’ The process is as follows: the rice, 
maize, or other amylaceous substance is mashed in water containing 
1 to 3% of sulphuric acid ; after mashing it is run into a receiver, where 
heat is applied by means of jets of steam ; or extracted staroh may be 
either boiled with the dilute acid in an open tanh, or heated in a strong 
cylinder of copper at a high pressure, which greatly e^edites conversion. 

The conversion may be stopped just when the liquid (cooled down) 
ceases to give a blue reaction with iodine, in which case the percentage of 
dextrin in the product will he high.**® If the process be pushed further, 
and especially if it be carried on under pressure, dextrose (with a little 
maltose) will'he the chief product. The acid is neutralised with whiting 
or limestone, which results in. the formation of a precipitate of sulphate 
of lime. INTeubeuer, having made numerous analyses of commercial 
glucose (probably all of German make), found its average composition to 
be, fermentable sugar 61*08 , dextrin and kindred bodies (non-fermentable 
20-64 ; ash (chiefly gypsum) *34 ; water 18-04. And the largest quantity 
of the latter came out as high as 23-66% ! 

A good deal of prejudice against the use of sugar exists amongst the 
public, but its employment can in no sense be stigmatised as adulteration : 
mdeed it would be difficult, if not impossible, to brew the beers which the 
public taste demands without that valuable adjunct. Glucose tends to 
determine “ dryness,” ** invert ” a more luscious character. 

* Modern research speaks of azayloins. Bn-fc whatever the view about these alleged 
ohemical compounds of maltose and dextnn, there is certainly room for controversy as 
to the identity of the dextrin -products of the acid process with those of malt-wort. 
Praotice tends to brand the former with less stability 
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G^LATVTT'Sl XiBS. AJSTD DUGRBSS OF SPECIFIC Qra.T XT ^ SaCCSCAROAIFTFBS 

Co^TVERTEsG X)FaBE£:S SaIXJZS'G XSTTO SrFVTERS’ EPS. BAT^klE lOTO SPECIFIC 

GrAVXTY WOEKXSTG OITT THE BeEWXS^GS ^EiTTEF OP MaTEBIAI^ TVOEHES’G OCTT 

Spajelges — Copper HiE^^oths — ^Parti-g’Sh^e Calcttlatio^s-s — Apportio^hes’g Hops — 
Foemxtxa. for Caxcctlattstg “ Iottial ” FROM “ STRiBara^G ” Heat — ^Maki>7g ttp 

X.ES-GTHS IF HeRMEXTIFG VESSELS ( CaLCCXATIOXS FOR) ^BoiLTS-G DO'W'^f TO A 

Required Gravity — Extract per Quarter — Dry or Solid Extract — Extract 
PER Cext- — ^Excise Crarges — Contexts op Squares or Rou^fDs 33* Bushels 
AXD Gau-03Ts — Cost-price CALCuxATioiT 

Tlie Importance of Recording Percentage Iioss at Definite Stages. — 

Tliat attention, to details results in business success is a trite maxim 
•wbicb is more bonoured in tbe breach than in the observance, but a 
brewer’s duties are so multifarious and exacting that unless some system 
of organisation is applied and maintained, it is no wonder that attention 
to details is perforce neglected Tbe importance of mashing cannot be 
over-estimated- Eirors in this initial process can only be partially 
rectified subseq^uently. If, as it was formerly contended, malt is made 
in tbe kiln, certain it is that beer is made in the mash-tun during and 
immediately succeeding tbe mashing It follows that under no circum- 
stances should the practical W’orking or the actual performing of this 
primary stage of brewing be delegated to a subordinate who fails to 
grasp the technical and commercial importance of a satisfactory inter- 
mixture of grist and water at a definite striking temperature Uniformity 
of inter-mixture is more important than the proportion of liq^uor to grist 
and to attain a mash of a regular consistency requires constant attention 
throughout the brief period occupied by the operation It is true that 
errors in magbing resulting in “ balling ” of goods and the consequent 
heavy loss of extract cannot be wholly overcome by the use of rakes, but 
tbeir judicious employment minimises these and other faults in mashing, 
and it is surprising how brewers, even in large establishments , un- 
acquamted with the advantages of rakes exhibit such a decided aversion 
to install these necessary mash-tun accessories. Hurried running of 
worts until as complete saccharification of the unmodified starch as 
possible has been reached must be included in a study of the faults of 
brewery working. Too much reliance is often placed in the gravity of 
the ** last runnmgs as an indication of success or failure in goods ** 
extraction. The last few barrels carried forward to coppers may be 
utterly devoid of matters in solution and yet a cursory physical examina- 
tion of the goods may show that the available extract has by no means 
been secured, "while on the other hand the saccbarometer reading of the 
last ruiinmgs may he high and at the same time a glance at the grains 
sho-ws that they are -well spent and virtually exhausted of their contents. 
Tn the former case, either through faults in the malt or the adoption of 
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imsuitable r^a-abiTig arud spai^ing temperatures, the starch forming the 
tuxmodified portion of the grain not been rdeased from its oellidosio 
environment and in consequence the sparging liquor added which should 
gelatinise the refractory starch mentioned, thus preparing it for subsequent 
enzymic action, has not performed this essential primary function prior 
to washing out the extract formed. In the latter case a more thorough 
gelatinisation, liquefaction, and saccharification has accrued, but throu^ 
some fault in reckoning a supply of sparge liquor insufficient to wash 
forward the extract thus sectired has not been provided. 

The faults of copper-house working are maiidy irregularity of ebullition 
and insnfifioiency of evaporation. When the wort is boiled by steam 
reduced automatically to the inlet to jacket of pan direct from a high 
boiler pressure to that necessary to obtain a thorough boil at a high 
temperature, in accordance with the gravity of wort, then no difficulty 
is experienced m regard to regularity of ebullition and consequent sufifi- 
ciency of evaporation, but close and constant supervision is required to 
ensure efficient stoking and satisfactory results in the respects named in 
the case of fire boiling. The index which points to a satisfactory or 
otherwise wort boiling period is the percentage loss between the copper 
length at collection and that at turning out or oastmg. This percentage 
loss varies of course in different breweries, and is dependent on the type 
of boiling vessel and its setting as well as on the depth of wort and the 
corresponding surface area exposed for evaporation. The highest loss 
in successive boilings should be noted, and this percentage should be 
recorded as a guide tor future working. Under ordinary conditions the 
percentage loss by evaporation calculated on a two hours’ boil should 
show a reduction in volume of 10% in the quantity of wort collected. 
If this is reached then the boiling operation can be regarded as efficiently 
performed As a check on the records of “ copper up ” and “ copper 
out ” lengths and gravities, and also to detect any possible leakage of 
extract that may occur during the boiling period it is always advisable 
to ascertain what is the normal percentage loss between gross extract 
collected in coppers and that existing on the completion of boiling. It 
will in most breweries be found that this amounts on an average to 2%, 
and assuming that the spent hops from copper are thoroughly washed 
in hop-back and exhausted of the wort absorbed the loss of extract 
from copper to cooler should not exceed a farther reduction of 2%. If 
the percentage loss is found at any time to be in excess of this figure, either 
the quantity of “ splash ” employed is too meagre to free the hop-bed 
from the wort which it would retain if pressing or sparging were not 
adopted, or the sparging apparatus is faulty. In the case of a rectangular 
hop-back where two spargers are employed obviously such should dis- 
tribute an equal quantity of the total sparge liquor, whereas it often 
occurs that one apparatus disperses a greater or it may be a less volume 
of splash than its moiety proportion. As a result one half of the hop-bed 
is over-washed and the remainder under-washed, with a consequent 
comparatively serious waste of extract which should have been recovered. 
The percentage loss from cool^ and refrigerators to collecting vessel 
amounts, on an average, to a further 2 %, so ihat the total loss from mash- 
tun to completion of brewing need not exceed 6%, utiIahh subsidiaiy 
vessels such as upper-hacks or under-backs are in use, each of which will 



BMEWING LOSS AT DEFINITE STAGES 109 

retails, tlxeir due propoitiozi of es:ia*act. The loss of extract be thus 
ireadily ascertained at any stage of brewing, and a simple calculation will 
at once direct attention of those in control of operations to an abnormal 
loss indicating faulty working. Moreover, with a knowledge of the normal 
total percentage loss of extract in a given establishment a brewer can, by 
basing his calculation on the length and gravities of his copper or coppers, 
estimate, if not determine, the extract per quarter yielded by the malt 
in use. We have already dealt with the commercial importance of 
observing the utmost exactitude in securiiig definite pre-arranged original 
gravities for each class of beer brewed and in controlling all Excise 
declarations. Errors in this connection should be uncluded in any 
discussion of faulty working. 

Turning to the subject of fermentation, the practical points to be 
observed are a complete registration for future reference of the wort 
temperatures and attenuation from the completion of collecting until the 
racHng stage. A record of the physical indications named should be 
noted every four to six hours where night men are employed, and at least 
morning, noon and night in breweries where this labour is not available 
or considered unnecessary. A glance at these records checked with an 
actual examination from tune to time of the temperatures and gravities 
and appearance of the contents of the various vessels to which these 
registers refer will at once apprise the brewer at the earhest moment of 
faulty working, to overcome which an attempt can be made without 
loss of time. With regard to waste in fermentation, by careful working 
the loss at racking can he reduced to a mimmnm- In considering the 
possible faults of brewery working, reference should be made to the 
practice still prevailing in some undertakings of neglecting to make 
provision for the retention of the bottoms in the skimming and settling 
backs Ordinarily the outlet is fitted flush with the bottom of the vessel, 
and if no movable “ thimble ’’ or “ bucket is installed in the aperture 
of the tap or valve, the whole of the bottoms will pass forward to the 
racking hack, if such is employed, and thence to the casks If racking 
takes place direct from akimming and settling tuns, each cask will 
therefore receive its due proportion of the bottoms, which cont a i mi^ . as 
all wort deposits do, sedimentary yeast and acid fo rming and other disease 
producing bacteria this reduces the stability. Impairs the flavour, and 
interferes with the bnllianey of the beer on dmught. By the mere 
introduction of a movable thimble, so-called bucket, or ordinary short 
Iftngt.Ti of piping which will raise the opening of the outlet by from 1^ in. 
to 2 in. (dependent on the depth of the vessel) clear of the deposit, prac- 
tically the whole of the contents of the tun will run free from sedimentary 
matter and the riska ■which its inclusion involves. When the flow of the 
racking pipes ceases the thimble, or whatever arrangement is employed, 
is removed and the “ bottoms ” is then nm into one, or perhaps, two, 
casks. These are immediately fined and tr amme d, or gauntried, and 
owing to the considerable amount of matter in suspension carried forward 
to 'these casks the -firtingR will invariably act rapidly and the bright beer 
can then be at once used without risk for ■fcopping-up purposes. If any 
delay, however, occurs in usiiig ofi the beer acidity may be developed or a 
cloud may arise which renders the bemr usdess for addition to other beers. 
By observing the precaution to expedite matters in this connection, no 
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loss of beer ensues. Should the “ bottoms ” fail to drop bright mthm 
12 — 18 hours, uouuprovement oau be looked for from a further extended 
rest, and its condition, can be regarded as a reliable indicatioxi, of faulty 
workiDg in brewing, especially m respect to the pitching yeast in use. 

Gravity. — ^Probably the first thing the b^inner hears of, as soon as he 
has got some idea of the geography of the brewery, is “ Gravity,’* which 
may be either expressed for everyday purposes in the so-caJled brewers’ 
lbs., or in d^iees of spedfio gravid (the latter being the scale upon which 
Excise charges are based), both of them being standards adopted for 
stating the strength of a particular wort before fermentation, and indeed 
as a means of classifying it later on, according to its value when a finished 
product. Thus it is usual to speak of a 14-lb. beer, a 16 or 20-lb. beer, 
etc., — even though the specific gravity scale is now commonly and inter- 
changeably used, — and we are wont to say that such and such a beer 
“ drinks *’ or “ does not dnhk its gravity,” the latter verdict being 
obviously one which the careful brewer endeavours to avoid. 

“ Lhs. gravity ” or ” brewers’ Ihs.” then may be defined as those lbs. 
only by which the weight of a barrel of any wort exceeds the weight of 
a barrel of water — for instance, a gallon of water weighs 10 lb , therefore 
a barrel weighs 360 lb. ; and a barrel of wort weighing, say 380 lb , 
would be said to be of the gravity of 20 lb. (stnctly brewers’ lbs ) , and 
the resulting beer, after fermentation, would be known as a 20-lb beer, 
irrespective of the loss of weight, which may show a good deal of variation, 
but is certam to be considerable, consequent upon the splitting up of the 
sob'd constituents of the original wort mto carbonic acid, some of which 
disappears, and alcohol, which is lighter even than water 

This extreme lightness of alcohol accordingly makes the quantity of 
solid matter removed or spht up by fermentation appear to be even 
greater than it really is ; in other words, the alcohol, being so much 
lighter than water, yet the ordmary saccharometer, which the brewer 
uses, being incapable of estimating it otherwise than as water, masks a 
certam portion of ready unfeimented matter. So that what brewers call 
the Final Attenuatioa, that is to say, the weight which a barrel of the beer 
at the close of the primary fermentation would show over the weight of 
a barrel of water (and which is one-quarter, one-fitfth, or sometimes less, 
of the original gravity), is a purely conventional statement, involving 
more than one departure from strict accuracy. 

Sacchazometers. — ^But it being manifestly inconvenieDt to be com- 
pelled to weigh a barrel, or even a measured part of a barrel, whenever 
the gravity of a wort has to he ascertained, various saoeharometers have 
been devised, which by a nice adjustment of added wei^ts, moreasiug 
with the density of the wort, enable the brewer, as he reads ofif the 
numbfficed mark on the stem to which the instrument wrika in the liquid, 
to find out the gravity with great ease. 

The saccharometers generally used in England are either the old 
pattern known as “ Dring and Fage’s,” or “ Long’s,” or the specific 
gravity one known as Bate’s, in Giermauy Balling’s saccharometer 
(graduated to show how many parts by weight of dry, pure, cane-sugar, 
or parts equal thereto, are present in the solution taken at 14° E^umur = 
63^° F.). In France and elsewhere an instrument on the same 
principle, known as Baumd’s hydrometer or ^esesirop, is used ; but, 
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unfortunately, this class does not appear to be constructed on a uxufomi 
plan. A formula is given below for converting £aam4 into degrees of 
specific gravity, it being understood that the formula is for an instrument 
graduated so that a liq^uid of 1,480° of specific gravity marks 48° on its 
own scale. Also a similar formula for converting degrees Calling into 
brewers’ lb , with a comparative table, too, of the same equivalents, side 
by side with one showing the d^rees of specific gravity, with their 
equivalents in brewers’ lb. 


BaUme 

(Degrees). 

1 - 
ia 

i « -OB 

1 1° is 

1 P pq 

«* ^ 

1® la 

t '£ 

P^ 

B 

|3 

S ' 

1 . . 

1*6 

1001=0-36 

1021 = 7-66 

1041=14-76 

1061= 

21-96 

1081=29-16 ! 

2 ... 

2-9 

1002=0-72 

1022= 7-92 

1042=15 12 

1062= 

22*32 

1082=29 52 

3 . 

4-4 

1003=1-08 

1023= 8-28 

1043=15 4S 

1063= 

22 68 

1083= 29-88 

4, . 

5-8 

1004=1-44 

1024= 8-64 

1044=16 84 

1064= 

23 04 

1084=30 24 , 

5 . . 

7-2 

1005 = 1-80 

1026= 9-00 

1046=16-20 

1065= 

23 40 

10S5=30-60 ■ 

6 . . 

8-7 

1006=2-16 

1026= 9-36 

1046=16 56 

1066= 

23 76 

1086= 30 96 ' 

7 . 

10-1 

, 1007=2-62 

1027= 9-72 

1047=16 92 

1067= 

24-12 

1087=31 32 , 

8 . 

11-6 

1008=2-88 

1028=10-08 

1048=17 28 

1068= 

24-4S 

1088=31 6S , 

9 . 

13-1 

1009=3-24 

1029=10-44 

! 1049=17 64 

1069 = 

24 84 

1089=32 04 , 

10 . 

14 6 

1010=3-60 

' 1030=10-80 

1 1050=18 00 

1070 = 

25 20 

1090=32-40 ' 

11 . 

16 0 

1011=3-96 

1 1031=11-16 

1051=18-36 

1071 = 

25 56 

1091=32 76 , 

12 .. 

17-6 

1012=4-32 

1032=11-62 

1062=18-72 

1072 = 

25 92 

1092=33 12 ' 

13 . 

19 1 

1013=4-68 

1033=11.88 

1053=19-08 

1073 = 

26 28 

1093 = 33 4S 

14 . 

20 6 

1014=5-04 

1 1034=12 24 

1054=19 44 

1074= 

26 64 

1094= 33 84 , 

15 . 

22-1 

1015=5 40 

1036=12 60 

1065=19-80 

1075= 

27 UO 

1095= 34 20 

16 . 

23 6 

1016=5 76 

1036=12 96 

1056=20-16 

1076= 

27 36 

1096 = 34 6b 

17 . 

25 2 

1017=6 12 

1037=13 32 

1067=20 52 

1077 = 

27 72 

1097 = 34 92 

IS . 

26 S 

1018=6 48 

1038=13 68 

1058=20-88 

1078 = 

2S OS 

1(198= 33 28 

19 . 

28 4 

1019=6 84 

1039=14 04 

1059=21-24 

1079= 

2S 44 

1(J99= 35 64 

20 . 

30 0 

1020=7 20 

1040=14 40 

1060=21-60 

1080= 

2S 80 

111.(0= 36 00 , 


The equivalent brewers’ or saceharometer lbs. m the first of the above 
tables are, if anything, a shade high ; the annexed foimiila gives closer 
results. 

Let B = deg. Balling, and 8 = brewers’ (or saceharometer) lbs., 


then — 


B 


260 5 

360 + a’ 


and 


8 


360 B 
260--B 


Thus, suppose we want the equivalent of 14® Balling — 


360 X 14 6040 
260 — 14 246 


20 - 6 . 


Formula for coaverfing Baum^ into specific gravity — 




148,000 

139 


1066 ° sp. grav. 


But there is a good deal of variation, owing to indefinite standards of 
adjustment in respect to the latter saceharometer. 

It may be added that it matters not what quantity of the wort is 
taken if only the saocharometer can float in it freely. In practice the 
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quantity generally taJsen is that contained in a tall narrow sampling can, 
wherein the saccharometer can sink down to the topmost mark on its 
stem without touching bottom. 

S^^rees of Sptcific Gravity — Deflnitioii. — ^Each degree of speciho 
gravity is equal to one-thousandth part of the gravity of distilled water 
at 60® F., water being, as it were, the unit ; but instead of unity its 
value is taken as 1,000, in order to avoid awkward fractions. It will be 
seen that “ a degree of specific gravity,” then, means no definite and 
uniform weight, but is merely the expression of the relation between the 
gravity of any wort and that of water. A gallon of wort taken from a 
barrel of 1050 or 1060 sp. gr. will be equally of 1050 or 1060 sp. gr. 
(bearing the same relation to a gallon of water that the larger quantity 
does to a barrel), but, according to the definition, each of its degrees will 
only equal -rJfir whereas each of those in a barrel would 

equal = -36 lb. 

But, inasmuch as specific gravity, equally with brewers’ lbs., states 
the excess of the weight of wort over water (because the 1000 is in general 
practice dropped and only the degrees in excess quoted), it is plain that 
there will be a constant uniform ratio between the two, which enables 
a gravity expressed m one standard to be converted into the other. 
Thus the ratio between 1 d^ee of sp. gr. and 1 brewers’ lb. is 
As 1000 : 360 = as 26 : 9 = as 1 : '36. 

Buie to convert D^xees of Spedfic Gravity into Brewers’ Lbs. and 
vice versd. — Multiply the given degrees by 36, or multiply by 9 and 
divide by 25. 

Ex. — ^To find the equivalent of 67 degrees in brewers’ lb. 

67 X *36 = 20*62 or, = 20*62. 

Bnle to convert Brewers’ Lbs. to Degrees of Specific Gravity. — ^Divide 
by *36, or multiply by 25 and divide by 9. 


T- 18 brewers’ lbs. 1800 
—- -36 


= 50, for 1060 sp. gr. 


Sugiff Exi^t. — ^Why 2 cwt. of Sugar only gives one-third, more or 
less, its weight as Extract. — An error in earlier editions of this book, 
which, taking no account of a contraction that occurs when a strong 
sugar solution is added to water, understated the extract-yielding 
power of sugar, was courteously pointed out by Dr. L. T. Thome. A 
concrete example was there taken of 1 gallon of sugar weighing 16 lb., 
and added to 36 gallons of water weighing 360 lb. The resulting 36 
golLons, it was stated, would wei^ 366 lb., the 6 lb. over the wei^t of 
a barxd. of water indicating 6 Ih. extract per barrel due to 16 lb. of sugar. 
But with these quantities there is a contraction rather more than equal 
to 6 fluid oz. (= 0*32 lb,), so that, thou^ the latest determinations give 
sugar a specific gravity of only 1*68, instead of 1*6, we get the following 
figures : 1 gallon sugar = 16*8 lb. -f 36 gallons vra-ter = 350 lb. + 6 oz. 
(to make measure) = 0*32 Ih., or in all 366* 12 lb. = 6* 12 of extract given 
by 16*8 lb. of sugar. Consequently, 

6*12 X 224 

= 86*76 lb. BE. per 2 cwt. 
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wlieieas -w itliout the contractioiL allov ed for, the extract would only work 
out 82*23 lb. This contraction is not due to escape of admixed air, but 
to an inteimolecular penetration between the sugar ant! water, similar to 
that which occurs when absolute alcohol and water are miTrad (4% with 
eq^ual volumes), but less in degree. For optical evidence of contmction, 
take invert sugar of 1*425 gravity at 60“ (14‘25 lb. per gallon), which is 
just fluid enough to pour into a measure without entangling air, and put 
60 0 , 0 . mto a 100 c.c. measure, making up carefully with water to the 
100 c.c. mark. After the sugar has been dissolved by careful shaking it 
will be found that the volume has shrunk to about 98* 7 c c. The extract 
from such a sugar would only be 66'8 brewers’ lbs. from 2 cwt., if the 
contraction were disregarded, whereas it reaUy is 72-o brewers’ lbs., a 
further shrinkage, corresponding with some 2 degrees more extract, 
occurring when a 50% (6y iceight) solution is diluted to 10% (the adopted 
standard). 

Working out the Brewings and the Maintenance o£ Stocks. — In a 
correctly managed brewery the stocks of beer in cellars, together with 
that of wort undergoing fermentation in F.V.'s, should be recorded 
on Thursday or Friday of each week m a book mamtamed for the purpose. 
The total stocks in the form of fermenting wort and aLo linislied beers 
should be summarised, from which can be readily asceitamed the sales 
of each class of beer for the current week The calculation for each 
brand produced is based on the following formula — Previous week’s 
summary, plus wort in tuns (i e , present week's brewings), minus present 
week’s summary. 

Example. — (1) Previous week's summary of XX =227 oils. (2) Wort 
(XX.), in tuns = 144 brls. ; and (3) present week's summary = 245 brls. 

.' . 227 + 144 = 371—245 = 126 brl» , jjresent week's sales 
of XX Based upon such information obtained tor each class of produce, 
a brewer can calculate his needs for the forthcoming week m order to 
mamtam stocks at any defimte standard considered necessary, assuming 
that the output or sales of XX. for the ensuing week la expected to reach, 
say, 151 brls., such improved trading conditions warrant augmenting 
the total stock by 25 brls., thus necessitating a production of 169 brls. 
of XV Suppose this class of beer is brewed at 1.5 “ brs lbs.' from 75% 
of a blend of 3 parts of English malt to 1 of Foreign — the combined grist 
yielding an extract of 95 brs lbs per quaiter — and 25% of invert, we 
work out the materials for the 169 barrels required, as follows . — 

Brls. Brs. lbs Total. Invert. 

169 15 = 2535 X *25 = 633 75. 

Calculating the extract yield of the invert at 36 *' brs. lbs.’' per cwt., 

' = 17*6 cwt., or say 18 cwt., to obviate the waste involved 

36 

in employing odd amonnts. Deducting the extract yidld of 18 cwt. 
(648) from the total required, 2o35 — 648 = 1887, and divid i n g 

the latter by 95 ‘‘brs. lbs./’ thus = 19-86 quarters or, say, 19 

quarters 7 bushels composed of 14 quarters 7 bushels English and 5 
quarters Foieigo. 

B.1C 


I 
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To calculate the materials ueoessary for the production of a series of 
beers of difFaiwyt gravities (parti-gyles) from one brewing, we proceed as 
in the ^eoifio instance just given, ascertaining the materials from the 
a^egate number of “ brs. lbs.” required for the several beers. 

If the standard =• 79' 2 lb., covering a month’s brewings, is not 

attained, owing to either material, plant, or system, or two or all of them 
being faulty, “ the charge,” instead of being levied on the defective 
produce is levied upon the material used, although there is no excuse for 
any brewer obtaining less ihan 90 lb. per qr. from a mtsed grist with 
normal material. 

Thft hops should be so distributed among the various coppers as to 
bear a fairly close relation, not only to the number of barrels in each, but 
to their gravity as well. This point, however, will be more conveniently 
dealt with when we come to speak of parti-gyles 

THntry o£ the Malt and Sugar. — The exact quantities of malt, sugar 
“flakes,” hops, and copper fimng s (if any) which one intends to use have 
to be entered in the Brewing Book supplied by the officer of Inland 
Bevenue, and this must be done at least two hours before use [the 
intention to brew having been notified m the same way at least twenty- 
four hours before] . When the malt weighs less than the standard weight 
42 lb. per bushel) it is reduced into the said standard weight for entry. 
For example, suppose our 32^ quarters of malt, bemg freely made, weigh 
only 40 lb. a bushel, i e., 2 lb. short of the standard, then the working is 
as follows . — 

32 J X 8 = 260 bushels ; 260 X 2 = 520 lb. short, this .i. 42 = 12 j,\ . 
i.e., 12 bushels off 32^ quarters = 31 quarters for entry. 

The quantity of sugar is reduced to lbs for entry, 
f^aigmg for Copper Lei^ths. — ^As the conditions vary a good deal it 
will be impossible to lay down a rule precise enough to meet all cases , 
it will therefore perhaps elucidate the matter better if we now proceed 
to mash our 32J quarters (on the morning after entry of materials has 
been made) in imagination. 

Formula for calculatiiig Initial Heat from Strikii^ Heat.” — ^Though 
not likely to be much used in practice, it may be useful to have such a 
formula. Of course it is applicable to a mixture of any two bodies whose 
specific heat is known ; but, as in our own case, it wiU, be used solely for 
mixtures of malt and water. The lettering used may be arranged with 
special reference thereto. So when 

W. M. = wei^t of malt (t.e., total weight used), 

S. H. M. = specific heat of malt (= *42), 

A. T. M. = actual temperature of malt, 

W. W. = wei^t of water, 

S. H. W. = specific heat of water (but as this is taken = 1, it 
really may be left out of calculation), 

A. T. W. = actual temperature of water. 


then the general formula wOl be — 

W.M. X X A T.M. H- W W. X S.H.W. x A.T.W. 

WM. X S.H.M + W.W. X S.H.W. 


I.H (mi ial heat). 


Supposing, then, we mash each imperial quarter of 336 lb. malt with 



BREWB0V8E CALCVLATlOyS 


115 


2 barrels of "water (= 720 lb.) at 16o°, and we find, by plunging a mash-tun 
thermometer into the grist-case, that the A. T. il. = 62®, then our 
calculation comes out as follows : [We take a single quarter of malt for 
the calculation and 2 barrels of water to keep the numbers down.] 

336 X *42 X 62 -i- 720 X 1 X 163 _ 127S49*44 _ , i 
336 X -42 - 720'x 1 ' “ 861-13 

Tbds approximates pretty closely to the actual mixing heat ; but it 
must not be forgotten that a chemical action, more or less energetic, 
immediately begins, during wliieh heat is set free, iloreover, the mash 
ought to fall into a mash-tun so well heated as actually to gain rather than 
lose heat. Consequently, when the diastasic action is vigorous, and the 
heating of the mash-tun, especially if an Iron one, has been ef&ciently 
performed, the mash-tun too being of such a size and so placed that the 
radiation of heat is inconsiderable, we should expect the temperatures of 
the mash taken at the finish — i e , when all the mash is in the mash-tun 
(and which, though inaccurately, is caUed the initial heat ”) to show 3® 
or 4® higher. 

The mash being made with 2;J barrels to the quarter, excluding 
underlet (if any), the total quantity on “* the goods " = 73 barrels. 
Deducting from this 24^ barrels (because “ the goods ' imbibe and retain 
a considerable quantity of the liquor, which may be roughly estimated 
at 27 gallons per quarter), we get 48] barrels from the masb-tun, without 
reckoning sparge. Accordingly, the difference between this and the sum 
total of the copper lengths will represent the quantity of Lquor required 
as sparge Hess any liquor run into coppers direct without being sparged). 
The total hquor employed for mashing and spargmg should not be more 
than 16f brls. or in excess brls. per quarter of malt mashed. Any 
excess should be plain liquor added direct to coppers. 

This bemg a parti-gyle, consisting of two distinct kinds of beer, we 
shall desire not to mix the copiiers in the fermenting vessels : accordingly 
the first and second coppers will go for the BA and the third copper for 
the XX. But this would be impossible if we made up the first copper 
entirely with wort , we accordingly run in a considerable portion of plain 
liquor into both first and second coppers, and moreover keep hack a 
portion of the strong “ first runs ” in the unierback for mixing with and 
bringing up the gravity of the thml copper to XX standard. 

A moment’s reflection will show that if we get a copper of given length, 
say of 100 barrels, we are not likely to get 100 barrels from it into the 
fermenting round ; and for this there are several causes. 

(i) The copper dip is tsdcen on hoihng wort, whereas in the F. V. it 
stands at 60“ or thereabouts (= a shnnkage of 4%). 

(ii) Waste daring boiling (amount varies with conditions, atmospheric 
pr^sure, and amount of wmd, the depth of the copper in relation to 
surface, etc.). 

(iii) Hetention of wort by hops (60 lb. hold back about 1 barrel). 

(iv) A relatively small amount retained in the intermediate vessels, 
hop-baok and coolers. 

We takft all the^ causes in the a^regate, and find that the loss will 
generally average a known wnA ccTisbznt Simount, within a barrel or 
th^eabouts, at all events, and on that we base our calculations. Suppose 
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we arrange our three copper lengths at 88, 66, and 80 barrels respectively ; 
experience, say, tells ns that we may expect to get in the rounds 76, 66, 
and 72, the former two totalling up 132 barrels, or exactly the amount 
required for the BA, the latter being p\irposely run short, so as to allow 
of the desired length of 76 harrds being made up by a “splash ” over 
the spent hops. 

But this IS not all. As before said, a considerable quantity of plain 
liquor must be run into both first and second coppers to get their blend 
down to any required gravity. This plan — seeing that the amount of 
liquor run into coppers has to be deducted from sparge — will have the 
incidental advantage of preventmg an excessive sparging of goods, which 
is certainly to be avoided (see pp. 224 — ^266). Let us see how the quanti^ 
liquor which we have to xon in is to he caJcnlated. 

The first “ runs ” from the mash-tun will probably be found to wei^ 
30 brewers’ lb. or thereabouts ; but as we intend to keep back 22 barrels 
in the underbaok (if any) for the third copper, we shall not be far off the 
mark if we take the average gravity of the wort which reaches the first 
copper a little lower — ^viz., at 26 lb. or 28 lb. As we wish to get the first 
copper to turn out (i.e., to weigh after boiling) a little, but not much, in 
excess of the gravity required for the PA.., let us fix the gravity at 
17 lb., which, after boihng, give a wort in the fermenting vessels of 
18*6, more or less, according to the duration and vigour of the boil. 

Then 88 X 17 = 1,496 total brewers’ lb. required. If we use 12 cwt. 
of mvert, giving an extract calculated in brewers’ lbs. as 432, there remain 

1 064 

(1,496 — 432) = 1,064 lb. to get from the wort. Then-’g^ =32' 26, 

or, for first copper, 32^ barrels of wort + 65| barrels of hquor in which 
12 cwt. of invert sugar are dissolved. 

Then, as we calculate to get from the first copper 76 barrels at 18^ lb., 
or 1 lb. over the desired gravity, the running-down gravity of the second 

76 

copper must be „_ = 1'3 under the desired gravity, viz., 16'2. Perhaps 

14'7 might be a sufficient “ in-copper ” gravity , but if, on the other 
hand, there Is a fairly fuU. copper, such as can be safely boiled by steam, 
perhaps the loss by boiling, and consequently the increase of the copper’s 
running-down gravity, would be less than if a harder boil was attained 
by fire. We will accordingly assume 16 lb . to be the required “ in-oopper ” 
gravity for the second copper. 

We will now take the average gravity of the wort making up second 
copper = 23 lb. (but this must obviously be a question of experience ; 
it be found sufficiently dose under the conditions predicated). 

66 X 16 = 976 total brewers’ lb. required. 

975 — 108 (from 3 cwt. sugar) = 867. 

867 ^ 23 = 37^ 

Or 37f barrels of wort to 27J barrds plain liquor in which 3 cwt. invert 
sugar axe dissolved. 

It will be found almost essential in this sort of parti-gyle brewing, or 
if much sugar is used, to have some kind of appaiatu tar ^ssotving 
sngar, such as a copper trou^, long enou^ to hold two casks and fitted 
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in a stont wooden frame. The trough will have two plug-holes com- 
manding each copper if the latter are side by side, or the contents can be 
carried some distance by shoots, ^here are steam nozzles just above 
where the cashs lie, and steam pipes being fitted on them, are forced 
throu^ holes bored into the sides of the casks exactly opposite the bung- 
holes. The bun^oles are of course downward, and the sugar, as it is 
melted, flows out of them. 

To return to the spaiges. The total ‘ in-copper ” length required 
being 88 + 66 -f- 80 = 233 barrels, out of which 57 barrels axe 3 nelded 
by the mash and 38 barrels are plain liquor, and 138 barrels speurged. 

This quantity (138 barrels) should be quite sufficient sparge for 
32^ quarters, and if a sample of the last runnings be caught just when 
the third copper length is made up, it will probably not be found to weigh 
more than I'O brewers’ lb., and very possibly less. One needs to be 
assured then that the sparging apparatus is in good order, and that the 
sparge-Hquor is evenly and lightly distributed ; because it may happen 
that, owing to imperfect sparging, the liquor falling much more copiously 
in one place than the other may ‘‘ channel,” and then, in very flagrant 
instances, it would be possible for the “ last runs ” to be of very low 
gravity, and yet the major part of “ the goods ” be unexhausted. With 
the modem sparger, however, the faults mentioned are in a great measure 
obviated. 

We have purposely taken a rather simple psurti-gyle as an illustration. 
We might, however, fill our pages with an infinite variety, m some of 
■which two mash-tuns might be used, without exactly smtmg the require- 
ments of any readers. 

Though such a mampulative detail belongs more to another chapter, 
it may be said here that starting the sparging some 10 or 15 mmutes 
before the taps are set is often a help in ” keeping up the goods ” 

Apportioning the Copper Hops — Assuming that it is piopost-d to produce four 
brewings of say — 

lOO Barrels of Pale Ale of 22 “ Brs lbs bopped at 2i lbs pei barrel collected. 

lOO „ „ Bitter Ale of 17 Brs lbs hopped at 2 lbs per barrel collected 

80 ,, „ SLld Ale of 16 “ Bis. lbs , ” hopped at 11 lbs pci baiiel collected 

50 ,, „ Ahld Ale of 12 Brs lbs bopped at 1 lb per barrel collected 

330 

From a simple calculation it "will be seen that the aggregate poundage required is 
6025 “ Bis. lbs.” and the total amount of hops 620 pounds. 

Three copper lengths are found to be necessary and ■when allowance is made for 
the loss of extraet betvreen the coppers and F.V.’s — say, 6®o — i®® of 
vdhene by evaporation during the boihng and cooling of the ■wort, replaced m some 
considerable measure by the lii^uor for hop sparging or “ splash,” and if we assume 
the remainder of ■the wastage of ■volume to be 5%, thefoUo^wing, oznittmg fractions, 
of gravities ■will represent the copper lengths and gravities. 

Copper Ko. 

1 105*8 Bands at 22*0 = 2327 

2 126*7 „ „ 17*0 = 2137 

3 111*5 „ „ 14*0 = 1561 


343*0 


6025 
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Perceatage composition of extract 
Copper No 

2327 X 100 
^ 6023 

„ 2137 X 100 

^ 6026 

g 1661 X 100 

6025 


= 38-62% 

= 36-47% 

^ 25-91 
100-00 


. - . Apportioning of hops ; — 

Copper No Pounds of hops 

per copper. 

j 620 X 38-62 ^ 
lOO 

2 620 X 35-47 _ gjg 91 

100 

„ 620 X 26-91 _ 160-64 

^ 100 620-00 lbs. 


Working oat Hops at lbs. per Barrel. — parti-gyle bre-vring, and 
especially vhere beers are being brewed which, have to be differently 
hopped, it is by far the most convenient plan to work by the ascertained 
proportion per barrel in preference to proportion per quarter And this 
IS really the best system in every case, because the extract per quarter 
may easily vary 6 brewers’ lb., or more, with varying qualities of malt ; 
so that if the proportion be calculated per quarter, the smaller quantity 
of beer yielded by the inferior malt will get the same quantity of hops as 
the larger quantity of beer yielded by an equal quantity of the better 
malt. 

In practice, if the worts are to he blended, we should probably rather 
underdo the worked-out proportion for the fimt copper, and accordingly 
rather exceed it for the second, seeing that the stability of the extract 
m the first copper is presumably greater than that of the second. This 
being so, one would like to support the second copper by adding hops 
somewhat in excess, where possible, of what its gravity really warrants. 

Hop Extraction in Copper Wort. — ^The main object to be attained in 
subjecting hops to a more or less prolonged boil in tbe copper is to extract 
their aromatic, flavouring and preservative attributes and to promote 
coagulation of certain proteins, an essential initial process in the re fini ng 
of wort. The question of determining the coireot period of ebullition to 
which the hops should be submitted has always been a controversial one. 
Excessive boiling results primarily in an undue disint^ration of the hops 
to an extent tbat reduces them to a pulp, in which condition they cease 
to function as a filter bed in the hop-back. Further, a prolonged boiling 
of the hops beyond that period necessary for a particular blend, will 
indubitably result in defeating the purpose in view in another important 
connection. The preseirvative and bettering principles of the hop are 
contained wittdn the soft resins, and when these are extracted and yield 
up their valuable contents to tbe wort, an additional boiling beyond that 
stage tends to the conversion of these soft resins into hard resins, which 
not only possess little, if any, preservative value, but produce harsh and 
acrid flavours. The varied and pleasingly aromatic and delioate flavour- 
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ing properties of the hop are preseat ia the oil, which is extremdy volatile 
at the normal temperatures of boiling wort from 215® F. to 218® F., 
and this leads to another aad very important aspect of this question. 
With ordinary open coppers, or even with those equipped with “ domes,” 
and especially where “ fountains” are installed the volatilisation of 
the flavouring and aromatic principles readily occurs, and it is with a view 
to obviating their dissipation to the winds, that gave rise to the practice 
of adding a definite proportion of the total hops or those of better qnality 
at half-time, or later at 30 minutes pnor to casting or turning out. 
Doubtless by adoptmg this precaution the readily volat^ oils are retained 
in the wort, but experience has proved to us that short boiling periods, 
while accomplishing the specific object just referred to, is not sufidcient 
to extract the remaining hop principles, with the inevitable result that 
when this iheory is adopted the finished beer exhibits a lack of general 
character, mainly in the direction of being definitely under-hopped. 
Although probably no “ returns ” of beer may be received as the outcome 
of this change in brewing working procedure, yet the alteration in palate 
flavour wiU be immediately detected by the consumer, and complaints 
will reach the brewery from the retailer, on the ground that some form 
of mdefinite alteration in flavour fullness of the beer has occurred to 
adversely affect his sales Au immediate reversion to former methods 
of copper hop mampulation wuU be rendered necessary to restore the 
brewery finished produce to its customary position of popularity m the 
eyes, and especially on the palates, of the customers. If a continuance 
of this system of retaming a portion of the hops for a bnef boiling period 
is decided upon, then an increase in the copper hop rate — ^with the 
additional cost involved — is imperative. With a view to solvmg the 
difficulty, many expedients are adopted to secure the maximum amount 
of elusive aroma and flavour available In one instance, where the ques- 
tion of economy was ignored, a further hop rate was employed and 
material selected for its especial flavounng attributes, was distributed 
at the moment of casting or turning out the copper equally over the 
plates of the hop-back. By this means the oils were readily dissolved 
during the ‘‘ stand on,” and remained in solution, virtually no opportumty 
being provided for volatilisation, and the finished beer was unquestionably 
vastly improved in flavour and aroma We are not advocating the 
adoption of tbia costly procedure, which merely and obviously secures 
from the hops partial extraction of their constituents In hWnce we 
found that by the Prache and Bouillon process of rapid and intense 
concentration of the wort, the latter only passed through a filter bed of 
hops as the wort was carried to the refrigerator, although the finished beer 
differed in many respects from the British article, yet the aroma and 
flavour was prominent and pleasing. Owing to the prevailing custom of 
producing quick running ales, in which no dry-hopping is employed, 
distinctive aroma is absent, but where time is allowed in the case of semi- 
stock beers, for hops in cask to be employed, then we prefer to rely on 
these for aroma, adding the entire amount of copper hops to those vessels 
for the full period detennined. The question of the relative periods 
necessary for the boiling of old or new hops c^lls for a brief word. With 
age, soft resins are reduced to hard resins, yielding a hars h bittCT flavour, 
consequently old hops ^ould receive a shorter boiling period than new. 
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The agitalion the hops are subjected to whea “ domes ” and “ fouataizis ” 
are installed ia coppers, permits of a more rapid extraotioa of the hop 
constitaents, ia \ 7 hich instances shorter boiling periods can be adopted 
than ia the case of open coppers. Domes,” although they produce 
over-disintegration, are useful where a copper has a tendency to boil 
over, but “ fountains ” introduced when the theory or aeration became 
popiilar, are now discarded, as aeration above 190“ F. is not feasible, a/nd 
“ fountains ” rapidly disintegrate hops to a pulp with consequent diffi- 
culties ia hop-back filtration, and the re-dissolution of the coagulable 
wort proteins. 

Mftlring up Lengths. — ^Althou^ we hold with equalising or arranging 
copper gravities so far that very little calculation wih be requisite, it will 
be desirable to give certain forms to meet cases in which such equalisation 
IS not possible. 

Fox Modem Beers, “ Making up Lengths.” — 

I. To find in what proportion worts of two different gravities must he 
misced to obtain a certain bulk at an intermediate gravity. 

(a) To find the bulk of stronger wort. Buie. — ^Multiply the given bulk 
by the degrees (or pounds) of gravity under the gravity required 
of the weaker of the two worts, and divide by their difference of 
gravity. 

Ex. — ^BEow much wort at 60“ must be combined with wort at 14“ 
to produce 1,000 gallons at 44“ ? 


Degrees under (44 — 14) = 30° 
Difference . (60 — 14) = 36° 

^^^36 = 833-34 galls, at 60° 


[The correctness of which may be proved as follows — 

Gallons. 

833-34 X 60 - 41667-0 
166-66 X 14 = 2333-24 
1000-00 44000-24 

A A O 

lOOO ‘ 

Ex. — ^How much wort at 30-0 “ brs. lbs.” must be mired with 
wort of 6 lb. gravity to obtain 80 barrels at 21 lb. gravity per 
barrel ? 


Lb. under (21 — 6) = 16 

Difference (30-6— 6) «= 26-6 

” 26^6 — “ ^ Barrels at 30-6 


) (Proof. 60 X 30-6 = 1630 
30 X 6 == 160 

1 80 X 21 = 1680 

, V 


08) To find the bulk of weaker wort. Bole. — Multiply the given bulk 
by the degrees (or pounds) of gravity of the stronger of the two 
worte over the gravity required, and divide by their difiEerence of 
gravity. 

Ex. — ^How much wort at 14® must be combined with wort at 60“ 
to produce 1,000 gallons at 44“ i 


Degrees over (60 - 44) = 6 
Difference . (60 — 14) =< 36 

^ ^ = 166-66 galls, at 14°. 


36 
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Ex. — ^How much, wort at 5 lb. gravity must be mixed with wort 
at 30' 6 to produce 80 barrels at 21 lb. gravity ? 

Lbs, over (30-6 — 21) = S*6 
DitE^nce (30*6 5) => 2S*6 


§0_><_8:6 30 

2o'6 


PtooZ. 30 X 5 
60 X 30-6 

80 X 21 


150 

1530 

1680 


II. To asijeriain ^ proj^ortiom in whi<^ tico •vcorts of different gravities 
must be mixed to get an. intermediate gravity. 

Rule. — Find the difference of gravity of the two given worts above and 
below the req_uired gravity. State these differences (inversely) in 
the form of a fraction, and reduce the fraction to its lowest terms. 
[The example given is in brewers’ lbs , but of course the rule holds 
equally good for degrees.] 

Ex. — ^In what proportion must worts at 29 lb. and at 8 lb. gravity 
per barrel be combined to produce a gravity of 20 lb. % 

f29 ^ 12 

20 lb. 1^1 X s - ^ 

».c., 4 barrels at 29 lb. to each 3 barrels at S lb. 


III. To ascertain the proportions in ivhich vcorts of four different 
gravities may he mixed to produce an intermediate gravity. 

Rule (a) — State the differences of gravity of aU four worts above and 
below the required gravity, but inversely. This column will give 
pro^jortions at the gravities in the same hue. 

— ^What proportions of worts at 20°, 37°, 63°, and S0° 
respectively will give a combined gravity of 57° ? 


DiiTereape reversed 

/ 20 . 23 (Barrels at 20) X 20 — 460 

--o J 37 . . 6 ( „ 37) X 37 = 222 

1 63 20 ( „ 63) X 63 = 1260 

''80 37 ( ., 80) X 80 = 2960 

86 .oT = 4902 


Obviously, though, other combinations of these gravities might be 
made which would give the same combLued gravity, and in the event of 
the brewer having to blend four different worts (not a plan to be recom- 
mended), he would find it simpler to arrange his coppers so that equal 
quantities of the three weaker worts would be run in, and so that only the 
proportion of them taken as a whole, and the proportion of the strongest 
wort required to bring the gravity up, must be calculated. And of course 
the stronger wort, which is naturally the first copper, might easily be the 
only one whose precise gravity he knows at the beginningof his calculation. 
If he has worked out the assumed total extract correctly, he may, having 
got his first copper ready to run down at a gravity of know that ids 


remaining three coppers will average a gravity of 40° 


^ 20 + 37 + 6 3 *^ 


* They of course only be these gravities with an average of 40", if they are equal 
TangfeTiQ ; but if tiioy SCO at those gravities, though tmBqnaJ lengths, they will average 
40" for any P.V. into whioh equal lengths are run, thoiigh mere or less, as the case may be , 
on the whole. 
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but he cazuaot be sure that they will he precisely 63®, 37° and 20®. So 
that we have 

Rule — Get the average gravity of the second, third, and fourth 
coppers, and using that jis one term and the gravity of the strong wort 
as the other, proceed as in Rule IT. Assuming the average gravity to 
be 40® 

f 80 17 rl7 X 80 = 1360 

\ 40 23 Proof. 4 ^ X 40 = ^ 

l40 X 67 = 2280 

i.e., 17 barrels of first wort and 7 1 of each of the others in each 40 barrels. 

Boiling down Copper to get a lecimied Gfravity. 

Ex. — A brewer wants in his gyle-tun wort of a gravity of 45°, 
but finds in his copper 85 barrels at 38°. How much must 
he boil away 1 

Bale. — Multiply the given bulk by its gravity, and divide by the 
req;uired gravity. Or multiply by the difference between the two 
gravities and divide by the required gravity. [The first calculation 
will give the bulk to which the copper is to he boiled down, the 
second the amount to he boiled away. And one proves the 
other. 

Er. — («) 86 X 38 = 86 x 38 =» 71*77 Barrels 
45 ~46 

Ex.— (jS) 86 X 7 = 8^x_7 = 13*23 „ 

45 46 _ 

85*00 „ 

N’.B, — ^This, of course, means the amount actually to he boiled away + 
evaporation on coolers The usual difference between copper- 
length and the quantity got in the gyle-tun depends on shrinkage, 
and retention by hops as well as on these factors.] 

Workiiig out Extract per Quarter. — ^In the paragraph on working out 
the brewings mention was made of the extract given by a quarter of malt, 
the so-called extract (which of course differs from the “ solid ” or “ dry 
extract ” to he mentioned shortly) is the apparent extract perceptible by 
the saccharometer, and generally ranges between 90 and 98 brewers’ lbs. 
per quarter of 336 lb. Forming, as it does, a ready means of classifying 
malts, from one point of view, the extracts should be worked out on the 
mormng following the brew at latest. 

Rule. — Multiply the barrels got by the gravity (or each lot of barrels 
by their respective gravities, if there are various gravities), deduct 
the number of brewers’ lbs. given by sugar, and divide the remainder 
by the number of quarters brewed. 

Ex. — Suppose we brewed 200 barrels at 18*6 lb. from 31*5 
quarters of malt and 20 owt. of invert sugar. Then 200 X 
18*5 = 3,700 lb. ; 3,700 — 720 (lb. from sugar) = 2,980 ; 
2,980 - 1 - 31*6 = 94*6 extract per quarter. 

Dry CSC Solid Extract may be defined as “ the amount of solid matter 
which a worfc contains, whether derived from malt or other material.” 

Tt is generally arrived at by mullaplying the extract per quarter, as 
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ordinaiily calculated, by 2‘597 {2' 6 approximately), though a factor as 
loMi' as 2 (538 has heeu advocated as being moie correct. 

Let us suppose we have an extract, as ordinarily taken, of 93 per 
quarter, this X 2*597 = 246*715 dry extract. 

Extract per Cemt. — -We can no\r make use of the ascertained amount of 
dry or solid extract to calculate the percentage of extractive matter which 
the malt yields. This we do by takkig the solid extract and dividing it by 
3*36 (in other words, multiplying by 100 and dividing by 336, the weight 
of a standard quarter of malt), and we accordingly £nd 246*715 — 3 36 = 
73^ 3%. 

The necessity of working out the solid extract may be dispensed with 
by multiplying the ordinary extract bv the factor *7729 (which is 2*597 4 . 
3*36). Thus 95 X *7729 = 73*43%“ 

[If, however, the lower factor 2*538 be taken for estimating solid 
extract, the factor for getting percentage out of ordinary' extract will be 
' 755. Ilie variation is due to a dxBeren.ce of opinion as to the amount of 
gravity added by any given quantity (say 1 gramme in 100 c.c.l of starch- 
transformation products. The higher factors depend on the assumption 
that 1 gramme of malt extract in 100 c.c. raises the density of the infusion 
by 3 85“ (water being 1,000). This is admitted to be true for sugar 
solutions at 1,050 (though rather too low for those of lower gravity and too 
high for those of higher 5, but is alleged not to be high enough for accuracy 
when starch-transformation products are being dealt with Hr. 
O’Sulhvan, in. fact, considers that 1 gramme of such products in 100 c.c. 
at 60“ F. raises the density 3*95 — in other word&, that such a solution 
will have a specific gravity of 1003*95.]* 

Excise Chaises. — The Excise charges aie levied either upon the 
material used, or upon produce. 84 lb. of malt (= 2 bushels), or 64 lb. of 
invert sugar or glucose, are expected to j leld 1 barrel of vort of the specific 
gravity of 55“ at least, less 4%, and in the event of any lower yield the 
charge is upon material. Passable material and fair skill ought to ensure 
in every case a sufficient extract to avoid a ** material charge.” We m jU 
accordingly deal with the charge upon produte fir.st 

The amount levied is £5 jier standard barrel, less a rebate of £1 per 
barrel collected, from which an allowance of 6*^*0 is in et.ch case made for 
waste and loss during fermentation. Tlus deduction, however, is not 
made daily, but is taken off at the month’s end from the total number of 
gallons chargeable To enable the charge to be levied, the quantity 
produced has to be brought mto gallons, and these calculated into gallons 
of the standard gravity of 55“, whereupon their number is entered by the 
Excise officer in the specimen book,” and the brewer, to avoid chance 
of mistake, should check the calculation. 


* Another way of working out the percentage extract, which will show how the higher 
solution value affects the extract in an opposite sense, is based on the fact that as 3‘SS 
(or 3 95, as the case may he) shows the density value of 1 gramme of sobd extrsirt m ICO 
c e., so it shows the value of 1 lb. m 100 lb.— t e., 10 gallons of water. Accordingly the 
specihc gravity, over lOOO X 3*6 (to bring the 10 gallons up to a barxell — 3 &5, ^ve the 
amount of sobd extract per barrel Hence the percentage extract can be got. Suppose 
we have 190 barrels at 52° from 40 quartos mut. Then':— 


52 X 3*6 
3*85 


s 48*62 and 


48*62 X 190 


40 X 3*36 
(Solid exttact7per haaxd.) 


= 68*7Si, 


JO 
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Suppose in one P.Y. lie has 130 barrels at 1,048^ and in another 70 
barrels at 1,053, or conoisdy 48 and 53, then 

130 X 36 X 48 224,640 

70 X 36 X 63 = 133,660 

368,200 whioli - 7 - 65 ss 6,513 gallons ohargeahle. 

These totals should he entered daily in a small book kept for the 
puipose, and added up at the end of the month, just as the officer does to 
get at the amount payable as duty. Any odd standard gaUous, less than 
36, are carried forward to the following month, except for rebate, which 
is fully charged each month. 

Let us suppose we have 135,021 gross gallons at 55® with 27 “ odds ” 
from the preceding month. Then the calculation will be 

135,021 (gross gallons at 66) 

8,101 (6% deducted). 

126,920 

27 (“ odds ” from last month). 

36) 126,947 

3,526 and 11 gallons over (“ odds ” lor next month). 

3,526 Barrels at £5 = £17,630 

Total barrels cdlleoted 2,000, less 6% = 1880 at £1 = 1,880 

Net Duty Payable £16,750 

It has been mentioned that, if the amount and gravity of wort pro- 
duced do not come up to a certain standard, the charge, instead of being 
levied upon prodnoe, is levied upon material — i.e., the charge is made, not 
upon the quantity which the brewer actually gets, but on what he ought 
to have got. Consequently, he pays a higher duty on what he actually 
gets than the £5 minus a rebate of £1 which the more competent brewer 
pays. Although “ material charges ” ought only to have a theoretical 
interest, it may be well to give the quantities of materials which are 
expected to produce one barrel of beer at 1,056. These are malt 84 lb. ; 
raw cane-sugar 56 lb. , invert or glucose 64 lb. ; No. 1 syrup (weighing 
14 lb. per gallon) 68 lb ; and No. 2 syrup (weighing 13 lb. 2 oz. per gallon), 
82 lb. Fl^ed rice and maize, 64 lb. 

A calculation made on the above basis gives a number of gallons 
which, less 4%, constitutes the " minimum yield,” and on this, if the 
actual 3 neld fall below it, the charge is made. Both charges are subject 
to the 6% deduction when the monthly accounts are made up. 

It is sometimes necessary for the brewer to work out the contents of a 
round or square vessel, which is either in position or is intended to be put 
up , and to do this he may avail himself of the following divisors or factors. 

Contents of Square or Bound Vessels in Bushels or GaUons.— Having 
got the number of cubic inches in his vessel (in the case of rounds, diam. X 
diam. X depth, all in inches), he has the choice of either dividing by a 
divisor or multiplyiDg by a factor. 


Gives result in 

Divisois for 

S'actors for 

Sa^es. 

Circles. 

Squares. 

Circles 

Gallons 

Busheils 

277-274 

2218*192 

363-036 

2824-29 

*0036065 

*00046082 

•0028826 

*00036407 
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Ez. — Suppose we have a rectangular vessel 14 ft. X 15 ft. X 
5 ft. = 168 X 180 X 00 inches = 1,814,400 cubic inches. 

1 814 400 

^^"^77^4 = 6,543 gallons = 182 bairels (nearly). 

A SpceiUev way of reckoning the Above. — ^TMs, which is coirect enough 
for practical purposes, consists in dividing the cubic feet by 6 and adding 
4% as correction. This gives the answer in barrels, thus — 

14 X 16 X 5 = 1,050 cubic feet 

= 175, and 175 -f 7 (4% of 175) = 182 barrels. 

Cost Price of Beer. — ^IVhere a competitive trade is done, it is necessary, 
and it is never superfluous, to know the cost of each barrel of beer at the 
moment of production, or rather of delivery. The diflSculty is to know 
precisely what expenses beyond those of actual malt, hops, and sugar 
used, and of duty chargeable, to divide and apportion strictly to each 
individual barrel, and which to lump together in a more general manner. 
On the whole, we should feel inchned to place in the tirst class those 
expenses which do hear a more or less close relation to the number of 
barrels produced — ^viz., those under the headings of coal, wages and 
salaries, rail (carriage inwards of materials and out^\a^ds of flnisLed 
produce), transport, finings, etc , while those which either would not vary 
at all, or w’ould vary very little with the number of barrels produced, are 
such items as interest on capital at 5%, los&es on rentals, wear and tear 
of plant, repairs of plant, etc The two last are obviously correlated, and 
where, as large Arms generally do, brewers have their owti mechamcs, 
repairs are largely included under the head of wages Accordingly, it 
seems fairer to divide the sum total of these less elastic items by the 
average number of brewung days, assigning an amount equivalent to the 
quotient so obtamed to each day ; the result of which, of coui&e, will be 
that the larger the number of bairels brewed on any particular day the 
lower will be the debit of each mdividual banel m respect to those items 
And this is what really occurs. A sudden influx of trade, resulting in an 
appreciable increase of the output, would not practically Increase those 
items, whereas it would at once mcrease the other expenses under the 
heads of coal, railway charges, etc , and. if permanent, would increase 
those under the head of wages and salaries also, though perhaps not to 
the same extent. On the other hand, this method of dealing with the 
elastic (or progressive) expenses and the non-elastic (or unprogressive) 
expenses has this disadvantage, that, if it is the practice, from some motive 
of convenience, to brew only a relatively very small gyle on any one day 
of the week, then the barrels brewed will be unduly overwei^ted with 
the latter set of ei^uses ; but, save for this, it seems far the best 
working plan. 

Legitimate losses on public-house rentals should be fully met by better 
prices obtainable and tiie security of a tied trade. Here, indeed, we 
have •nnf'h'ing to do with the absurdly inflated prices paid for licensed 
property a,n , d the cut-tbroat competition which spell disaster to the 
trade. 

— ^The figures below suffice to show the method proposed. 
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Cost Price Caleolatioii. 

(1) Debit. — Aggregate cost of all (a) brewing materials employed ; 

(6) Duty paid primmg ; (c) Duty levied on brewing (less rebate 
allowanee on bulk barrelage). 

(2) Credit. — ^Total amount obtained from (a) the sale of the net 
barrelage yielded by the brewing, together with (6) receipts from 
the disposal of the “ grains ” and other by-products. 

(3) The difference in amount between 2 and 1 constitutes the total 
gross profits obtained on the brewing 

(4) To ascertain the percentage of gross profits multiply the latter by 

lOO, and divide by the credit total (2) 

(6) To determine the cost price of the beer per barrel racked, divide 
the Debit cost (1), less receipts from sale of “ grains ” and other 
by-products by the net barrelage racked 

N.B, — ^The Cost Sheet should, for comparative purposes with aiTmlnr 
previous brewings, contain spaces for the entry of such necessary 
details as (a) Original gravity, (6) Extract yield per quarter malt 
mashed and (c) loss between collection of worts and the racking 
of the finished beer. 

In the case of ascertaming the Cost Price of “ Paxti-gyles,” the 
relative debit and credit items should be apportioned in accordance 
with the percentages of extract, hops, duty, etc. — ^forming part 
of each gyle. 

The Penalty of Inexactitude in Brewing IKaiheiuatics. — Brewing 
can never be rendered an exact science, as it deals with the employ- 
ment of organic materials of ever-varying general character, differ- 
ing in the proportions present of their normal constituents, and, in 
addition, although every precaution can be observed to standardise the 
quality of beer, fermentation can never be carried on immune from 
infection to such a degree that would ensure entire success to even 
strenuous efforts made in this direction. But a brewer who brings to 
bear on his work precision and exactitude so far as these factors can be 
employed throughout every process from the arrangement of the per- 
centage composition of the so-called raw material to the completion of 
the fi nis hed beverage, succeeds in a measure, both in a commercial and 
technical sense, far above that possible of achievement when “ the little 
things that count ’ ’ are disregarded in the daily routine. By systematising 
the methods of working so far as it is humanly possible to control them 
a brewer not only enjoys the satisfaction gained from the consciousness 
that he has elimina ted elements which would contribute to irregularities 
in produce, but when unexpected problems arise he can more readily 
solve them, for the simple reason that he has narrowed down the causes to 
that due in infection or similar infiuences which he can to a greater extent 
mitigate, although not eradicate It is not our intention tQ consider the 
question m its widest aspect, but to confine ourselves to a consideration 
of the last stages of brewing proper (as apart from fermentation) from the 
“ turning out ” or casting of the coppers to the final coHeotion of the 
worts. In many breweries one is surprised stiH to find that the sparging 
or sp l a sh in g of the hops is made to servo a double puipose, i.e., washing 
out the extract absorbed by the hops, and breaking down the collecting 
gravity to approximately that required. We use the term “ approxi- 
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mately ” inasmuch as it is impossible to adjust a gravity to that degree 
of exactitude (which we will discuss later) by the use of splash liquor, the 
use of which should be limited to the one purpose for which it is employed. 
Water is necessary to replace the valuable wort present in spent hops, anH 
when the volume of plain liquor is defirutely toown that affects this, it 
should remain a ffxed rate calculated on a certain number of gallons per 
lb of hops used and dependent on the area of the hop-rack. When this 
rate is decided upon, it should not be departed from, either in the direction 
of increase or decrease. Copper lengths and strengths can be 
and the original figures checked by a subsequent calculation at turning 
out which will leave almost precisely a quantity of hop-splash to corre- 
spond with the fixed rate decided on. The volume of water lost by 
evaporation in the several brewing processes vanes, of course, but e a ch 
brewery provides its own constant. The term just named is not quite 
accurate inasmuch as evaporation depends on atmospheric conditions, but 
the percentage figure for loss on this heading is sufficiently correct to 
secure a rough adjustment of collecting gravities. The fine adjustment 
should never be carried out with sparge liquor withheld for thia purpose. 
Excess of splash means the washmg out of sludge which is rendered more 
impure if retamed for the final breaking down of collecting gravities, as 
it follows that when copper wort deposit is allowed to remain behind until 
the temperature is considerably lowered it becomes dangerously unsterile 
and to add it to a fermenting vessel m this condition is an indefensible 
proceeding. A deficiency of splash, on the other hand, results in a loss 
of valuable extract. 

The hop-splash should be added to prevent a loss of heat directly the 
hop-back is emptied and, after a stand of 15 — 20 mmutes carried forward 
to the cooler wort, while the latter remains at a high and practically 
sterile temperature. 

As w'e have explamed, under normal atmospheric circumstances the 
fine adjustment of a finished brew is accomplished with a small volume 
of ordinary hquor, not necessarily previously boiled, if the water is of the 
usual staple brewing quality But when speaking of a fine and final 
adjustment we mean to a definite prearranged standard The gravities 
of such brand of beer should be purposely finely adjusted prior to 
declaration m the Excise brewing book in order to secure the utmost 
monetary advantage accruing from such procedure while complying with 
the regulations. The use of the original “ brewers’ lbs. per brl.” saccharo- 
meter, is essential for the purpose of ascertaining an exactitude in wort 
gravity readings for Excise declarations. The ordinary specific gravity 
instrument does not lend itself to precise determinations, even if it were 
possible to obtain a range of indications divided mto J degrees. Glass 
saccharometers are infinitely to be preferred to those supplied in gilt 
metal. The readings in the former never vary whereas the gilt on the 
latter is constantly wearing — ^thus exhibiting inooireob indications. iFor 
present-day working in a number of breweries only two saccharometers 
are required : one showing from 0 to 10 ** bis.* lbs.,” the other from 
10 " brs.’ lbs.” to 20 “ brs.’ Ihs.” By providing these mstroments with 
steins ten inches long, each lb. of gravity is divided into tenths, and 
thus with clearer reading ready re<^onmg8 are facilitated and any 
difficulty in connection with allowing for capillary attraction is obviated. 
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These mstrimients should, always be cleaned and. dried "bhe moment before 
they are immersed in the wort. The sample cans must be full to over- 
flowing so that the true gravity may be recorded by placing the eye on 
a level with, and not above, the surface of the wort. The highest line 
that the wort reaches is that duo to capillarity, an.d the line actually 
on. the surface is the one that represents the correct measure of density, 
after, of course, allowance has been made for temperatures above or 
below 60*^ !P. The question of temperatures has not received the 
attention it deserves, and unless the factor of expansion or contrac- 
tion of the volume of liquids is taken into consideration when dealing 
with exactitude in entering gravities, it may depreciate the value of 
other precautions. For instance, light beers are invariably collected at 
68° F., and when it is remembered that every 2^° F. above or below 
the recognised standard of 60° F. represents the addition or suhtractiou 
of a tenth of a pound from the apparent gravity, it is surprising how few 
brewers ** flnisliing off at 58° or 67^° F. deduct a tenth of a pound 
from their saocharometer mdication, and it is the cumulative effect of 
omission to place any value on these and other seemingly petty details 
which results in a wort gravity being declared at a degree beyond that 
upon which duty shoxild have been levied Formerly the question of loss 
of revenue from minor sources of error was not attended with serious 
loss, but at the present rate of beer duty tb© monetary loss is a heavy 
penalty on inexactitude. 
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PoBMCEJB — A tomicity, VAEsycE or QvANTiV-Ai-EycE — SATCRATioy ; Avto- 
SAXtjRATioy — G l-yptic Formvea — C oMFOxryB Radio AES — ^Isomerism — Acees, 
Bases, Saexs — Oyxees — Ryebosiiees (Hydrates) — Basicity — T ermt?? A noy s ~ic 

Ayo -005 ; ’JLTB AMD ~2TB PREFIXES J5ZrJ»0- A^D FU-. SUXFHIDES CrDORAlTES, 

Chxorides — ^Axhydrides — ^Hydrocarbons — Adcohods — Adderydes — Carbo> 
hydrates — ^Maetose — Cellylose — Organic Acids — Elements in the ZS'asoent 
State — ^ALBCM rNoiDS in Barley — Amides — Peptones — AlSfaragin — Analyses 
(Tyfical) — ^X iTRoaEN — ^E jeldhal's Method of Determining it — ^Zodxne 
Reaction with Starch — Vaeioos Qc-ajlitattv'e Tests — Iodoform — ^The Pozarx- 
meter 

Chemistby, as a science, lias for a number of years been separated into 
two divisions, originating in an apparently fundamental di&erence now 
recognised as no longer absolutely existing. Tkis supposed difference, 
wtiich. referred tbe origin of all tbe various groups in the second and, from 
the brewers’ pomt of view, most important division to life-processes or 
the functions of organisms, was the cause of these divisions receiving 
respectively the names of morgamc and orgamc chemistry. 

But it having been discovered i^'ithin the last dfty or sixty years that 
several of the compounds included in the latter, or so-called orgamc 
division, can be produced in the laboratory without the intervention of 
any ammal or vegetable life -functions whatever, it has become evident 
that the term orgamc is somewliat of a misnomer, and it i- only its 
convenient conciseness which mamtama it against the preferalde title of 
the Chemistry of the Carbon Compoands, or (seeing that the carbonates 
fall Tvithm the realm of inorganic chemistry) the still more preferable one 
of the Chemistry of the Bydrocarbons and their Derivatives. 

It IS beyond the scope of this book, however, to attempt to treat these 
divisions separately ; the most that can be done here is to enunciate a few 
general principles as introductory to the hints on laboratory work m xhe 
next chapter for those ivho are ignorant of chemistry, and to enable them 
to approach the consideration of those important carhon-compounds 
(compounds m which carbon always enters into more or less mtricate 
combination), starch, dextrin, the malto-dextnns, cane-sugar, moist 
sugar, maltose, dextrose, the alcohols, etc , with a mind capable of appre- 
ciating the signiffcance of chemical /brmnZcB- 

Td our study of matter we are confronted, with certain substances 
known as dements — over seventy in number, many of them heing ex- 
tremely rare. These elements are so called hecanse they are incapable 
of being split np into simpler constituents by any known process ; they 
constitute the simplest form of matter known to science. 

The discovery of T^aditi-iri, with its enormous output of energy (radio- 
activity), gives ns pause, however, in considering the so-called elements as 
ultimate constituents of matter. The fact that it slowly disintegrates 



130 


BREWING AND MALTING 


into TTeliiirtij although its definite specstrum, as well as the character of 
its salts, generally allied with those of calcium, have caused it to be ranked 
as an element, raises a doubt whether a similar radio-activity, accom- 
panied by disint^ation, thou^ infinitely less in degree, may not 
tdtimately be discovered in the elements with lighter atoms (p. 131) as it 
has in uranium, thorium, and radium with heavy atoms. Therefore in 
spite of apparently stable compounds formed by “ elements,” the present 
view maif be provisional only. 

A Gomponnd may be formed of two or three elements (binary, ternary 
compounds) as H2O water, H2SO4 sulphuric acid. Complex substances 
may, however, consist of four, five, or more elements (e.gr , albumen, 
consisting of carbon, hydrogen, oxygen, nitrogen, sulphur, and possibly 
phosphorus). The brilliant hypotheses of Dalton, Ampbre, and Avo- 
gadro * (thou^ difficult ot direct proof) having systematised all known 
facts, we are justified in taking it for granted that the elements combine 
in certain definite proportions, and always in the same proportion or in 
simple multiples of them, unless in the rare cases of an element having a 
double atomicity, of which more anon They are assumed to consist of 
atones (avo (x.o^ = indivisible), which may be defined accordingly as “ the 
smallest quantities of elementary matter which can take part in a chemical 
reaction.” Two or more atoms, whether of the same or of different 
elements, oombine together to form a molecule (it is supposed, indeed, 
that the ultimate particles of most elements, at least in the gaseous state, 
consist of two or more similar atoms), and a molecule may therefore be 
defined as ” the smallest quantity of elementary matter which can exist 
in a free state.” 

Molecular We^hi (of 0. and H.) — ^If two volumes of hydrogen and one 
volume of oxygen be brought together in a suitable apparatus, it can be 
shown that they can be eombmed to form two volumes of steam. 

Now, on Avogadro’s hypothesis, the two volumes of steam will contain 
the same number of molecules as the two volumes of hydrogen did before 
the combination ; consequently, if we conceive of volumes so small that 
they contain single molecules, evidently 2 molecules of H and 1 of O 
combine to form 2 molecules of steam, which implies that the single 
molecule of 0 is divided between tlie 2 molecules of water, whether 
gaseous or liquid. In other words, the molecule of O must consist of 
more than a single atom, and must be at least O2. Possible O4 , Oq, etc., 
are not accepted, the O molecule not being found divided into more than 
two parts. Similarly, the H molecule is found to be H2, from the fact 
that one volume hydrogen and one volume chlorine give two volumes 
hydrogen chloride ; that is to say, on© volume H is divided between two 
volumes of the chloride. Consequently, the molecular weight of these 
elements is twice their atomic weight. 

[Recent expenmeutsliaye shown the combining weight of O to be not more than 
15*88 (instead of 16) if H be taken as unity Convemence of getting moie whole 
numbers as atomic values of other elements compensates for the slight error involved 
in still taking it as 16.] 

Empiric and Stmctoial (Constitational) Vanniilae. — An empiric formula 
— e.g., that of NaG for sodium chloride (common salt) — simply expresses 

* Avogadro’s hypothesis summarised is that equal volumes of all gases oontain the 
same number of molecules under the same oonditions of pressure and tmnpexature. 
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the fact that sodium (Xa for itatiiimi) enters into combination with 
chlorine (Cl) atom for atom (i.c., in the proportions of their atomic 
weights), and should conceivably be written Xa^Clj,, n standing for an 
unknown and possibly large number. The empiric formula of acetic acid 
is C2H4O2, but its constitutional formula, CgH^jO, OH, whilst showing 
percentage composition, also shows that one atom of osygen and one of 
hydrogen are so linked together as to be capable of undergoing substitu- 
tion by some other atom (thus comporting themselves like a single atom) 
and again of recombimng under suitable conditions. Very oomplez 
moleGalra are evidenced by the fact that varying substances, like starch, 
dextrin, and cellulose, have the same percentage composition, and conse- 
quently the same empirical formula, C4H10O5, which is more correctly 
written (CgHioOgln, the n standing for a probably large multiple. Simi- 
larly, cane-sugar and maltose have the same percentage composition, 
expressible by CijHajOu, or, more correctly, (C^ 2^22^11 Fischer’s 
constitutional formula for maltose (some are still more f^rsome) is : 

CH.OH-CHOH-CH=(CHOH)s-CH-0-CHj=iCHOH)4-CHO. 



An equation, which expresses in concise form the reaction to which it 
relates, is so called because the weights indicated by the combmed symbols, 
if any, and formulae, on the one side of the sign — exactly correspond 
w’ith the weights indicated by the combined symbols and formuke on the 
other ; and it may not be superfluous to say that as every element has 
its symbol, so that symbol represents a definite and constant relative 
w eight of that element Thus, to take a very simple form H, -- O = H^O 
signifies not only that two atoms (or molecules) of hydrogen combine mth 
one of oxygen to form water, but that exactly 2 lb. of hydrogen combine 
with 16 lb of oxygen to form IS lb of water , and the statement obviously 
stands, if for Ih we read grams or tons or anything between the two, so 
long as the same value is kept throughout 

The most important Elements, from our technical point of view, are 
those in the following list. The meamng of the fourth column will be 
explained in the ne.\t paragraph Those marked (M) are metals. The 
others arc- non-metals or metalloids Tliose marked (H) halogens. 


Naiue 

S\'Tli^ « ‘1 



Hvdroiren 

H 

1 

Monad, Mondtum*— or Univalent* 

Chlorine 

Cl 

35 5 

*1^ 

Iodine - 

I 

127 

* 

Potasbium (Ml 

K 

39 


Sodium 01) 

Na 

23 


Silver iM) - - - 

Ag. 

lus 


Osveen 

0 

16 

Diad, Diatomic, or Bivalent 

Sulphui 

s 

32 


Banum (M) 

Ba 

137 

•t * 

Calcium (M> . ’ 

Ca 

40 


Magnesium (M) 


24 

»» ' 

Copper (M) 

Ca 

63 5 

1 

79 

Xitrogen 

S' 

14 

Triad (sometimes Pentad)* 

Phosphoms 

P 

31 

1 

97 9 $ 

Carbon . .. 

c 

12 

Tetrad, Tetratomic, or Tetravalent. 

Silicon 

Si 

28 

»» 

Iron(M) 

Fe 

56 

Diad and Tetrad. 

1 



132 


BREWING AND MALTING 


Atomicity, Valency, oi Qaantivalence, are synonyms expressing the 
varying capacity which an atom of each clement has for fixing atoms of 
other elements. Thus the atom of certain elements such as hydrogen, 
potassium, sodium, chlorine, silver, eto., have only the capacity of fixing 
one atom of another element, and accordingly those elements are called 
manatomic, or univalent, or monads. An atom of the diatomic, bivalent, 
or diad elements, e.g., oxygen, calcium, sulphur, etc., has the capacity of 
fixing two monad atoms or onA diad. Similarly, each atom of a triatomic 
(trivalent or triad) element is able to fix tiiree monad atoms or one diad 
and one monad. One atom of the tetrad carbon can fix four monad 
atoms or two diads ; a pentad atom can fix five monad atoms or two 
diad atoms and one monad atom, and so on. To denote atomicity the 
marks ' (for monad ), " (for diad), (for triad) are sometimes used ; thus 
Mg*' reminds us that magnesium is diad 

(Later paragraphs on saturation and auto -saturation continue this 
subject.) 

Calculaiing percentage Composition from Foimnlse. — ^Having now the 
atomic weights of several of the elements before us, it may he useful to 
give a rule for calculating the percentage composition of a substance (i.c., 
the weight of each element in one hundred parts by weight of the com- 
pound, all expressed in the same terms) from its formula. 

Rule. — ^The atomic weights of the elements forming the compound are 
to be added up and a series of rule-of -three sums (correspondiug 
in number to the number of elements composing the compound), of 
which the first term is the sum of all the atoms ; the second term 
IS always 100 ; the third term being the atomic weight of each 
element in turn. 

Thus, taking ucotic acid C2H4O2, C2 = (12 X 2) =- 24 , H4 = (1 X 4) 
— 4 , Og = (16 X 2) = 32, winch together = 60 

Then, 


(1) 

60 

100 : 

24 = 

= 40 

(2) 

60 

100 : 

4 = 

= 6*66 

(3) 

60 

100 : 

32 = 

= 53*34 


That is to say, the percentage composition is carbon 40, hydrogen 6' 66, 
oxygen 63 34. which added together = 100. 

Conversely, to get the Formula from the percentage Composition 
(ascertained, let us suppose, by analysis). We find out, for example, that 
a compound (and we will take acetic acid again) has the percentage com- 
position of carbon 40 ; hydrogen 6 66 ; oxygen 63*34, and we get at the 
formula an two steps. First, the amount of each element ascertained 
must be divided by its atomic weight — ^thus 


C = 
H «= 
0 » 


12 ~ 
6*66 ^ 
1 

53*34 

16 


3*33 
6*66 
- 3*33 


Next, these amounts are to be divided by the lowest amongst them (in 
this case 3*33) ; we accordingly get CH^O, whereas the accepted formula 
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of acetic acid = C^H^Oo, \rhich is equally in accordance ■vrith. the per- 
centage proportions of the elements ; it might equally be C'sHgOg and 
so on. 

This brings us face to face -with the important fact that percentage 
composition does not necessarily show the correct formula (though it does 
so in the majority of cases), which has to be decided generally by deter- 
mining the molecular weight. The molecular weight equals ^e sum of 
the atomic weights, corresponding with twice the vapour density com- 
pared with that of hydrogen taken as unity.* Exact experiment has 
shown the vapour density or specific gravity of the vapour of acetic acid 
(compared with hydrogen = 1) to be SOOT, consequently the molecular 
weight = 60’ 14. But if CH2O were to be taken as the formula of acetic 
acid, C = 12 ; = 2 ; 0 = 16 = 30 only. It is therefore evident that 

C2H4O2 is the correct formula, the discrepancy of * 14 being due to almost 
inevitable experimental error. 

The molecular weight of a substance, of which the percentage com- 
position is known, may be either expressed M.W. = 

100 

lowest product of first step, 

or some simple multiple of it — in the case of the acetic acid il-TV = 

100 V 2 

3- 33 (approximately) 

The real molecular weight of acetic acid can also be arrived at by 
considering its only silver salt, silver acetate, in which one atom of hy- 
drogen is replaced by one atom of silver. [Silver is monad, viJt the table 
of the elements and paragraph succeeding it on Quantivalence ] Experi- 
ment shows that 100 parts of silver acet4te contain 04 (>S parts 1 nearly) 
by weight of silver. Then the atomic weight of sil\er being luS> and one 
atom of hydrogen being replaced by one atom of silver, either 3U parts 
acetic acid give 137 parts of silver acetate, or Go parts acetic acid give 
167 parts of the acetate Let us now multiply the parts by weight 
(64 68) found in 100 parts of silver acetate by 1 67, and if we find, we 
do, that the product corresponds with the atomic weight of silver (108), 
we conclude that 60 parts of acetic acid by partmg with one atom of 
hydrogen and taking m its stead one atom of silver, yield 167 parts of 

"■ To avoid the necessity of referring to hydrogen expli-itly and continnonsJy as unity 
when m fact a htre of it weighs 0S96 irramme, the term “ knth ' is sometimes used in 
stating the specific weight of gases 'On the other hand, solids and liquids have their 
specific gravity stated as compared with vater. 1 c c ofnater = 1 gramme , sold = 19 3; 
iron 7 8 grammes, etc ] A “ fcxith,” then, = 0S9C gramme, the weight of a litre of hydro- 
gen weighed at 0® Centigrade and under a pressure~of 7tM> millimetres of mermry ( = 
29*92178 inches). Accordu^ly the specific weight of hydrogen is said to be 1 knth; 
that of chlorine 33 *5 kriths ; tiiat of oxygen 16 kriths ; and so on And assuming the 
numbm* of molecules in one htre of any and every gas to be correctly computed at 6, lu6,OClO 
trillions, the weight of each molecule of hydrogen would be * 0S96 gramme — that enormous 
divisor. Similarly the weight of each molecule of chlorme would be 3’ISUS (=> *0896 
X 35*5) divided by the same huge number. 

'VTe mention this to emphasise the hypothesis (Avogadro’s) that under uniform con- 
ditions of pressure and temperatore the number of molecules in every equal measure of 
every gas is eqnaL 27ot as sometimes stated, that the molecules of different gases are 
neeessonly eqned tnass8,onbr that each diSerent molecnle occupies an exactly equal space. 
For aught that is known, each molecule may move freely therein, like, for instance, a 
pea in a bladder. 
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silver acetate, or that the correct formula for the acid = CgH^Oa and 
nothing less. 

Or it may be put thus : — 


35 32 (got by subtracting 64’68 from lOQ) X 108 

^8 


58-98 


the weight of the carbon, hydrogen, and oxygen combined with one atom 
of silver. But in the acid, instead of the atom of silver, there is an atom 
of hydrogen ; adding the eqmvalent of this to 68*98 we get 69-98, which 
practically = 60, the error of *02 being an experimental one which one 
can hardly expect to lessen unless by repeated trial. 

We have dealt rather at length with this point, not only because 
questions bearing upon it are sometimes asked in examination papers, 
but chiefly because of its intrinsic importance, in view of the complexity 
of formula exhibited by several of the substances in which we are 
specially interested. 

Sabuation of Atoms. — ^Though an atom may form a compound in 
which its full power of fixing other atoms is not exercised, such a compound 
is more or less unstable, the tendency of every atom being to fully saturate 
itself, that is, to combme with aU the atoms which it has the power of 
annexing. That this tendency towards complete saturation is not always 
very pronounced may be seen from the fact that nitrogen fixes only three 
monad atoms to form the, in one sense, stable compound, ammoma (NH^), 


(a) 


(P) 


o- 


though it is pentatomic, i.e , fixes five atoms in ammonium chlonde 
(NH 4 CI) It has been suggested that the term atomicity should be 
reserved for the maximum capacity of saturation, while the capacity of 
inferior saturation (or combination) should he expressed by Quanti- 
valence. In this sense mtrogen would be pentatomic in the ammonium 
chloride, and irivalent m ammoma. 

Auto-saturation or Auto-combination. — It is supposed that certain 
atoms, and we may especially signalise the tetravalent carbon atom, can 
combine with other atoms of the same element to form a compound-atom 
of greater atomicity than the original component atoms Thus two 

carbou atoms, each of which is capable of 
fixing four atoms, combine together, each 
of them in the combination using up one 
of their valences, sc that the combined 
carbon atom (or molecule) will now have 
the capacity of fixing six monad atoms. 
This is generally graphically expressed by 
a sketch (which, it is hardly necessary to 
say, is purely illustrative, and m no other 
way purports to rqircsent what occurs), 
in which the tetravalent atom of carbon 
is represented with four arms, thus (as a) 
the coming together of two such atoms 
(as ^) with six arms, and the coming 
together of three atoms (as y) with e ight arms, t.s., forming a combina- 
tion capable of fixing ei^t monad atoms. Similarly, four auto-combined 
carbon atoms will form a compound atom (moleciule) capable of fixing 
ten monad atoms, and so on. The importance of tliis view lies in the 
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bearizig it may hare upon the great complexity of many of the carbon 
compounds. 

Compoimd Riaflleals. — ^Theire are certain atomic groups (molecules) 
•which appear to play the part of a single atom in regard to combination. 
They are known as radicals or compound radicals. Like the elements, 
these radicals hare their special atomicity. Thus XO3, the radical of 
nitric acid (BD^Os), is monad , SO4, the radical of sulphuric acid 
(H2SO4), is diad ; PO4, the radical of phosphoric acid (H3PO4), is triad. 
Again, P2O7, the radic^ of a compound of some import in water analysis, 
pyrophosphate of magnesia tetrad and fixes two atorns of 

the diad magnesium 

Asymmetiic Carton Atoms. — ^It lias been foimd that certain bodies, chemically 
identical, have opposite opticities (p. 167), and this, and indeed the possession of 
any “ opticity,” is attributed to the existence mthin the molecule of Asymmetric 
Carbon Atoms, 1 e , a carbon atom which is combmed 'vnth four atoms, either of 
elements or radicals, but diffenng each from the other. Thus tartanc addL obtained 
from the tartar deposit of wine fermentations, has a strong dextro-rotatory acnon, 
while racemic add, identical m other properties and chemical composiuon, got from 
the tartar of certam districts, is optically inactive This acid, however, consists 
of two varieties of tartanc acid, one •with a dextro-rotatory, the other •with an equally 
strong Isevo-rotatory activity, and crystals obtained in sepaiation of these by con- 
centration of a solution, have facets of two types, the one not fitting on the other if 
supenmposed, but differing as an object does from its reflection in a mirror Herein is 
perhaps the clue to the opposite opticities. {Cf text- books, snb - Stereo-Chemistry.”) 

Xsomerism, Physical and ChecnicaL — Such bodies with varying op- 
ticities, but otherwise identical, are instances of physical isomerism. 
Chemical isomerism is of two kinds, (a) metamcric, where the sub^tances 
have the same percentage composition and the same molecular weights, 
and (6) polymeric, "where the substances have the same percentage com- 
position but difierent molecular weights, e g , acetic acid C,H4U,, lactic 
acid C3H8O3, and grape-sugar CgHj jOj Starch. Lextrins, and Cellulose 
have the same percentage composition CgHioO,, though plainly, as regards 
starch and the dextrins split oft from it, different molecular weights 
BcMiUiLs cthaceticm can ferment manmte (mannitol), but not dulcite 
(dulcitol), though both have the formula CeH8(OH)e Harden has 
obtained the same selective result with Bacillus coli cononunis, and, 
•writing the formula of glucose as CHoOH — (CHOH)4 — CHO and that 
of manmtol as CH2OH — (CH0H)4 — CH>OH, attributes a production 
of twice as much alcohol from manmtol as from glucose to the compound 
group CHgOH — CHOH, contained twice in the former and only once 
m the latter. The action of the organism on glycerol CH^OH — CHOH — 
CH2OH seems to confirm the view that this group is "the source of the 
alcohol formed, the chief products therein being alcohol (CgHjOH) and 
formic acid (CH4O2)- These are but hints, yet they may show how a 
mul'tipLcity of possible combinations can account fox total difference of 
qualities in isomeric bodies (isomers). 

AcU^ Bases, Salt^ (Oxides *).— Acids may be either 

1 . Oxy-acids (oxygen acids) formed by the combination of certain 

* Oxides are acid, alkalme, or neutral. (1) The add (xddeB » the oxy-acids, are 
compounds of O and non-metals or mctsJloids. (2) The alfcaBne ooddea » bases , com- 
pounds of 0 and metals. (3) S'eidxal niridwa, which are erther exceptions to (1), as water, 
which when p'oze is neither acid nor alkaline, or to (2), as oxides of the so-cdlcd heavy 
metals, insolnUe in water. 
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xxon-metallic elements with oxygen, with addition of water 
sulphuiio and phosphoric acids). 

[But note that all elements, except fluorine, can combine with 
oxygen to form oxides.] 

2 . Hyt^acids = those in formation of which halogeits unite with 
hydrogen, the compound then combining with water (e.g , 
hydrochloiic and hydrofluoric acids, etc.). 

Bases are metallic oxides (basic oxides). 

Salts are produced by the action of acids upon bases, resulting in a 
loss of Tvydrogm, which is replaced by an equivalent of a metal ; e.g., 
nitric acid (HNOg) neutralised with soda yields sodium nitrate NaNOg. 

Or in other words, an acid is a substance containing hydrogen, which 
it readily exchanges for a metal when treated either with a metal or with 
a metalho compound called a base. A base, again, is a substance con- 
taining a metal, combined with oxygen and hydrogen. It readily ex- 
changes its metal for hydrogen upon being treated with an acid. The 
products of the action of an acid on a base are, in the first instance, vxtter, 
and next a neutral salt. 

Bamiliar bases are caustic potash KOH, caustic soda NaOH, and 
caustic lime CaOgHg, called respectively potassium, sodium, and calcium 
hydroxides or hydrates. 

Basicity is a term used to express the power that acids possess of 
parting with their hydrogen and replacing it with a metal. Thus they 
may be monobasic (hydrochloric, nitnc), bibasic (carbonic, sulphuric), or 
trihasic (phosphoric). 

Sometimes, however, a bivalent metal (or base containing such a 
metal forms a salt with an acid which contains but one atom of hydrogen 
in the molecule (e g., nitric acid), and it is then believed that one atom of 
the metal (copper, for example) acts upon the hydrogen atoms of two 
molecules of the acid thus . — 

Cfu -f HNOa I p,, r NO, + H, or Cu + 2 HNO, = Cu (NO,)* + H* 
HNO, J = I NO, 

But as a rule, the metals combine to form the salts in obvious relation 
to their atomicity. {E.g., BaS04, m which one atom of bivalent barium 
has displaced two atoms of hydrogen from sulphuric acid to form barium 
sulphate.) 

SDneEal (Ihoiganic) and O^anio Acids. — ^Acids are styled xtuneral (sulphunc, 
mtnc, hydrochlono, phosphoric, etc.) ; or orgamo (acetic, lactic, suociidc, etc ) — 
namdy, those with C, H, and O in more or less complex oombmation. (jaxhonio 
acid with hypothetioal formula HjCO, is represented only by its anhydride CO, 
(carbon dioxide). But its salts, the carbonates, are stable compounds (sodium 
carbonate, Na,CO„ sodium bicarbonate, HNaCO,, and calcium carbonate, CaCO,) 
contaanmg the diad radical CO,, in which, so to speak, four out of six aims only of 
the three dmd 0 atoms have been grasped by the tetrad C atom, leaving two to hold 
one diad Ca or two monad Na atoms. 

Names of Acids. — The usual terminations are ~ic or -ow, which 
diSerence signifies that although the elements composing them are 
identical, yet that the proportion, of oxygen is lower in the latter {e.g., 
sulphuric acid HgSO^ and sulphurous acid HgSOg). Again the prefixes 
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hypo- = under), and jper- (short for 67i;sp, very or more) are used in 
the names of certain acids to siguify a proportion of osygen less than that 
in the -ous acid when the former is prefixed, and greater than that of the 
-ic acid when the per- is prefixed- Thus hypobromous (HBrO) or hypo- 
chlorous (HQO) and perbromic (HBr04) and perchloric (HCIO4) acids 
are known.* 

Snlidiates, Sulphites, Nitrates, Nitrites.— Sulphates are the salts of 
sulphuric acid, sulphites of sulphurous acid. Similarly nitrates are the 
salts of nitric acid, nitrites of mtrous acid. 

Sulphides are compounds of sulphur with a metallic element. 

CShlorates are salts of chloric acid, but chlorides are compounds of 
chlorine, either with metak (metallic chlorides), with which it readily 
combmes, with non-metals, e g , HCl, which with water forms hydro- 
chloric acid, or with a radical, hke ammonium, XH4, with which it forms 
ammonium chloride. [When ammonia in gas or solution is brought 
into contact with HCl, ammonium chlonde having the composition of 
2SH4CI is formed, and therefore, to compare it with metalhc chlorides, 
it is assumed that NH4 is a radical acting like a metal.] 

Anhydrides are binary compounds contaming oxygen, and are con- 
verted into acids on the addition of water, — e.g., sulphurous anhydride 
SOj -f HgO — HgSOj sulphurous acid. CO2 carbonic acid gas, or 
carbon dioxide, is carbonic anhydride. So the term anhydrom = water- 
less) IS used as an epithet of a salt freed from water. 

Hydrocarbons. — ^The simplest compounds of carbon are those which 
contain only carbon and hydrogen — ^the hydrocarbons All the other 
more complex carbon compounds all the orgamc acids, the sugars, 
starch, dextrin, the alcohols, etc ) may be considered as derivatives 
therefrom And it may be useful, as an aid to remembering their 
formulae, to note two pecuharities. 

(1) The number of hydrogen atoms in a molecule is always an tvtn 
number. 

( 2 ) The number of hydrogen atoms in a molecule is never greater than 
twice the number of carbon atoms -f- 2. 

The hydrocarbons which contain this maximum of hydrogen are 
complete or saturated hydrocarbons, and may be represented by the 
general formula C„H2 b -r 2 

Of these hydrocarbons there is a senes increasuig regularly by CHo — 
viz.,, methane CH4, ethane CgHg, propane CgHg, butane pentane 

CgHia. heva-ne Space does not permit of anylengthy reference 

to these and their derivatives, but a Imear arrangement of formulae will 
show the rdation between ethane, its alcohol (ethyl alcohol, which is the 
alcohol produced in fermentation), its aldehyde, and its acid (acetic;, 
which is characteristic throughout. 

CgHj . CaHftO. : OgHjO. : O2H4O2. 

Ethane. Ethyl or ordinary alcohol. Acetic aldehyde. Acetic acid. 

♦ But per-9 -ic, and ~ous are also xised for certain compoands of iron, chroxuiom and 
manganese. Thus the proto-salts of these metals are those in which the metal is diad ; 
while in the per-salts two atoms together act as one hezad. The latter are sometimes 
called 8^sg%i-compou7id8* The proto-salts of iron are also called ferrous salts^ the per- 
salts are ferric-salts ; e.g , ferrous sulphate, FeSOg, and ferric sulphate. are 

respectively the protosulphate and the persulphate of iron. 
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Alnnhftlfi may be looked upon as hydrocarbons in which one atom ol 
hydrogen has been replaced by hydroxyl (OH). Thus methyl alcohol 
(CHaOH), ethyl alcohol (OgHjOH), propyl (normal) alcohol (OaHyOH), 
and amyl alcohol (CaHj^jOH) ^ have a molecule differing by one atom of 
oxygen from that of their corresponding hydrocarbon. Methyl alcohol 
is obtained in practice by the dry distillation of wood , ethyl is the 
desirable alcohol , propyl (a colourless liquid with pleasant odour, and 
amyl alcohol (a burning and extremely aorid-smdOing liquid) are both 
contained, with sundry others, in “ fusel off.” The alcohols of fusel oil 
belong to the “ hi^er alcohols.” Amyl alcohol is probably always formed 
in alcohohc fermentation ; it can be got from the last runnings of a stiU by 
shaking with hot milk of lime, drying over calcic chloride, and distilling 
at 132“ C. There is evidence to show that amyl alcohol as well as furfurol 
(of which more on p. 139) are derived from the fmfuroids of gram (Lat., 
farfvT — bran), both having been got in separate fractions by Windisch 
from brewers’ grains digested with sulphuric acid and distilled ; while, on 
the other hand, fermentation of sugars alone gave no traces, whatever 
yeasts were used. More recent experiments (1905) lead P. Ehrlich to 
attribute the non-appearance of amyl alcohol m sugar fermentations to 
absence of amido acids, proteolytic products from nitrogenous matter. 
If one of them (leucine) was added to sugar fermentations, amyl alcohol 
was produced approximately equivalent in amoimt to the amido acid 
consumed. Ehrlich therefore connects the amyl alcohols (two modifi- 
cations in fusel oil) with mtrogenous constituents ; and it may be noted, 
in reference to Windisch’s expeiiment with grains acidified with sulphuric 
acid, Ihat leucine is produced by action of this acid on albumen, muscular 
tissue, etc , as well as by putrefaction of casein (decomposing cheese). 
Traces of amyl alcohol, f oimd in sugar fermentations, EhrUch explains as 
due probably to leucine, present as a “ metabolic ” product in the yeast. 

Thausing says ‘ “In the mashing process lactic acid acts upon the 
husk of the grain, and small quantities of xylose (derivative of xylan, a 
wood-encrustmg gum) are formed, and out of this furfurol. Upon 
opening covered mash-tuns the smell of fusel is distinctly perceptible. 
The finished beer contains traces of fhrfurol. 

Alcohol by Ssmihesu. — ^Although it is to the fermentation of carbohydrates, m 
the form of fermentable sugars, that we look as the source of alcohol, it is interesting, 
if not reassurmg to the distilhng mtereat, to know that the synthetio production 
of ethyl alcohol is a commercial possihihty. It may be produced in two allied ways, 
in one from the now well-known gas* acetylene (CaHt), in the other from ethylene 
gas (CtHJ. The initial step m the first prooess is to make the acetylene combme 
with two hydrogen equivalents ; the resoltmg ethylene is then passed through strong 
sulphuric amd, thereby forming Bulphovinic acid, which after large dilution and 
distillation yields alooW The sulphuno add, remaining behind can be used for 
produdng the nascent hydrogen, needed for the first reaction, and iron sulphate. 
It 18 said that the output of alcohol does not quite cover the cost of carbide. 

But m the second process ethylene gas is produced direct from a special carbide 
to which the name of Ethylogine has been given, but more slowly and therefore more 
safely than is acetylene d^e ethylene, first collected in a gasometer, is pumped 
thence into sulphuric add until the latt^ is saturated, sulphovuuo amd being pro- 
duced as before. But the next step, that of dilution, must be effected slowly to 

* Calcmm carbide, CaCt, which gives off acetylene rapidly when water is added, is 
prepared by heating a xnixtnre of carbon and lime to a high temperature (aboat 3000° G.) 
m the electric furnace. 
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obviate excessive beating, otherwise ethers and, 'what is 'worse, acetic acid and perhaps 
some acetone (C2HeO) may be formed 

The reactions axe : — 

(1) C3H4 + HaS04 = CgHjHSOc (snlphonmc acid). 

(2) CgHs]^04 + HjO = CgHgOH + H* SO4 (sulphuric sudd). 

The ethylogSne is obtained by passing an imdisclosed mixture of metallic osides 
'with carbon (powdered coke) through an electric furnace. The oxides can be used 
repei^edly and the -waste m punfymg the sulphune acid is slight, so that the outlay 
is represen-ted by fuel consumed in the furnace and for electnd-ty. 440 lb. of coke, 
it is said, covers -the cost of making 22 gsdlons of alcohol m actual practice on a large 
scale in Savoy. 

Conversely, it may be -worth noting, ethylene can he obtained from 
alcohol (spirit of -wine) by gently heating the la'tter with sulphuric acid 
(15 c c. H2SO4 -{- 5 c.c. ■water cooled -7- o c c. pure alcohol). Further, if 
to a cylinder one-third full of the gas so obtained, chlorine he added till 
the cylinder is nearly fnU and a light then applied, the chlorine will 
combine -w ith the hydrogen, a dense black smoke be produced, and carbon 
will he deposited down the sides of the vessel. 

But though S3mthetie alcohol may have a future before it for mdustrial 
purposes and as silent spirit,” it would seem that even impurities 
contribute to the appreciated character of some fermentation alcohols. 
Amyl Alcohol, under a ban as a fusel-oil constituent, is said to make the 
effects of alcohol more lastmg, but other constituents — ^fuifniol (furfurane 
aldehyde) and farforane alcohol — ^have distinct effects of their own. 
Furfurane bodies con-tarn the group C4HSO, called ” furfur " by Baeyer. 
Furfurol, or furfurane aldehyde (C4H3OC — O — H), can be regarded as 
derived from simple or formic aldehyde, H — C— O — H, the first H having 
been replaced by the ” furfur €41^0 group The alcohol of tins series 
(furfurane alcohol, furfur alcohol), ith the formula C4H3O— CH, — OH, 
may be looked upon as methyl alcohol CH3OH in which one of the 
hydrogens of the methyl (CH13) has been replaced by the C4HJO group. 

Sir T. Lauder Brunton, from whose interesting ' Lectures on the 
Action of Drugs,” given at St Bartholomew's Hospital, we continue to 
quote, sa3^, speaking of furfurane (the blend of composite bodies) 

“ Furfurane seems to have the power of acting as an ansesthetic to a 
greater extent than alcohol has It lessens the irritability of the sensory 
part of the nervous system to such an extent that it abolishes voluntary 
movement and the animal remains motionless, although the power to 
move is still present, -the motor powers at first not appearing at all 
impaired. Now this very property would greatly enhance the value of 
an impure alcohol m -the eyes of many people, especially of those who want 
to get rid of their misery, by the stupefaction it would cause. 

“ The furfurane alcohol has an action something like furfurane, but 
it is much more stim-ulating, and appears to cause m dogs that have taken 
it an amount of beatitude -that seems almost indescribable. A dog, after 
receiving a dose of it, frisks about and seems almost unable to contain 
bimaftlf for ]oy, just in the same way as one sees a dog fris kin g about when 
he is going for a walk on Sunday morning after being confined all the 
week. After awhile, however, he begins to get imcertain in his legs, he 
falls down, rises again and frisks about, hut he falls down oftener and 
oftener, w-tmI at last he cannot get up at all, and the poor creature seems 
-to get a headache. He bea-ts his head against -the fiioor, and then he lies 
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ciuiet for a-vrliile, and by aad by gets up again all right. But the ex- 
hilaration that dog has from this alcohol is throughout of a jolly, 
pleasant feind. The compound Fuifur-alddiyde, or fuxfurol, has an 
entirely difierent action. The dog, after recelYing a dose of it, seems 
to become almost like a rabid animal. He crouches in a comer instead 
of moving about, and bites at anything that is held near him. He seems, 
as Ourci * describes it, to have a certain sullen mama. This is the sort 
of thing that in a man would lead to crime. The furfur-alcohol is not at 
all likely to lead to crime, but the fuifur-alddtiyde might very easily 
do so.” 

Fuifurol is an oily liquid (furfur : oleum) with a smeU, thou^ less 
pleasant, resembhng oil of cinnamon and bitter almond oil combined. It 
can be obtained by distilling bran mixed with an equal part of sulphuric 
acid and three parts of water. Three parts being distilled over, the 
distillate, neutralised with carbonate of soda and treated with common 
salt, is redistilled tiU half has gone over. In this is the furfurol, which, 
after puriication by additions of dilute sulphuric acid and of small 
quantities of potassium bichromate at intervals, then drying over calcium 
chloride, is obtained by redistillation in an amount of about 3% of the 
bran taken 

We have dwelt at some length on the constituents of the composite 
fusel oil, not only because the distinct effects of the furfur bodies are 
intrinsically interesting, but because we believe that the innocuousness 
of lager beer in quantity, as compared with British top-fermentation beer, 
is due more to relative freedom from “ higher alcohols ’ than to lower 
alcoholic strength. That, m fine, low fermentation heats, especially those 
of “ Lager with its special type of yeast, tend to a mimmum, while high 
heats tend to a maximum of fusel oil. As regards the amyl alcohol at 
least, the experiments of Ehrlich, already cited, supply a possible reason 
in that high temperatures, continued over successive crops of yeast, 
favour that metabolism of which the amido-aoid leucme "j is a normal or 
pathological product. 

An indictment by Bau (“ Wochenschrift f Brauerei,”) of amyl alcohol and 
secondary octyl alcohol formed during fermentation as possible factors in defective 
head-retention may be mentioned here Though their influence is not to be com- 
pared with the opposite influence of viscous and colloid matter, they reduce surface 
tension, Bau says, and that a smgle drop of either added to a beer with a good 
head will at once disperse the latter with efiervescence One would like to know 
how the drop was added by Bau ; if simply on the surface the action might be 
analogous to that of a fragment of cheese dropped in a foaming glass of stout 

Glyceruxe, 03 H 5 ( 0 H) 3 , formed to some extent in fermentatiou, is 
an alcohol (propenyl alcohol), and there are alcohols of more complex 
straoture, containing 4, 5, 6 or more carbon atoms in the molecule. Of 
those containing 6 atoms of carbon the hexaoid or hexyl alcohols, manmte 
and dulcite, but with the formula CgH^COH)^, may he mentioned again, 
for more reasons than. one. First, because of their close relation to real 
sugars, as shown by the fact that nascent hydrogen acting upon glucose or 

* Prof. Corci, of Catania, an iavestigatoT of these phenomena. 

t Leuoine — C bHm(N'B[*)COjH. — ^ is not necessarily a product of decay; it has beeu 
found in the vegetable world, notably in the white shoots of vetch , perhaps it is connected 
with, the budding ” of yeast. 
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upon invert sugar produces mannite, and again acting upon sugar of milk, 
or galactose, produces dulcite. Secondly, on account of the formation of 
mannite in tiie laclic fermentation of sugar, and of its probable importance 
in connection with, mucous fermentation and “ ropy ” beer. Thirdly, 
because of the interesting fact (already mentioned) that a certain bacillus 
is able to select ” between the two. And lastly, because modem 
chemistry regards glucose and its isomers having the formula as 

aldehydes of these hes^l alcohols ; an aldehyde {alcohol iehyirogenatum) 
being an alcohol whi<^ has lost hydrogen. 

^Ehis view is based on the facts that glucose readily takes up orygen 
(just as acetic aldehyde does), especially in alkaline media — e g., reducing 
copper oxide CuO to cuprous oxide, CujO (in the test with FehHng’s 
solution to be hereafter described), and also that nascent hydrogen 
converts it into mannite. Taking dextrose as the type of sugar, the 
simplest equation for ethyl alcohol is : 

CeHi A = 2(C2HeO) -}- 2 CO^. 

Dextrose = alcohol and carbon dioxide. 

Or, 

0j2®2 20ii ~ 7 ~ H 2 O = 2(CgSj20g^. 

Cane sugar and water. Invert sugar. 

CeHiaOe = 2(C2HeO) - 2 CO^. 

Invert sugar. Alcohol Carbon dioxide. 

But, as a matter of fact, these formulae are only partially true, inso* 
much as they do not account for other transformation products, of which 
the most important are glycerine and succimc acid. More elaborate 
equations are accordingly necessary to account for these, which wiU be 
more properly dealt with under the head of fermentation. 

The sidelines are, as has been hinted, to be regarded as alcohol from 
which hydrogen has been abstracted {alcohol dehydrogenatnm ). although 
acetic aldehyde — or, as it is sometimes called, ethyl aldehyde — is actually 
formed in the laboratory, and equally so in the brewer’s products by an 
oxidismg agency 

Accordma: to the above view the oxidation of edcohol into acetic acid 
takes place by two reactions, thus 

C,,HgO - O = H >0 - CjHp 

Alcohol and oxygen = Water and aldehyde 

C2H4O ^ O = C2H4O2 
Aldehyde and oxygen = Acetic acid. 

Though it may occur perhaps sometimes according to the equation 

C2H6O +O2 = HoO 4 - C2H4O2 

Alcohol and oxygen = Water and acetic acid. 

Aldehyde (acetic) is an unstahle compound more volatile than alcohol, 
into which by recombination with H it can reverb and readily, under 
oxidising influences, pass into acetic acid, so that the characteristic 
flavour it imparts is more or less transitory.* 

* A case in point occurred. Some hogsheads of light ale had been bottled, bat jost 
before the bottling -was completed a fairly good, or at w erents a practised, judge, tasted 
the ale and pronounced it “ pricked,’* and the corks were ozdetedL to be drawn. This 
vfflcdiot was thongh'i’ to be incorrect, and a few bottles were saved from bmng ^pipiaad. 
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Qsddation and Reduction are clianges referred to in this book from time 
to time, the former implying that O is added to an. element or compound, 
reduction referring to c^ngos in which O is removed from compounds 
containing that element. Substances (like copper oxide) which readily 
give up 0 axe called oxidiseis, those which are capable of removing it 
hydrogen and carbon monoxide, CO) are redncers or ledooixig agents. 
Thus, if some copper turnings be heated to redness in a hard glass tube 
and a current of air drawn over them, the copper will be converted into 
black oxide of copper, CuO {oxidation) thus 2 Cu + Og = 2 CuO. If now 
the copper oxide be reheated in a current of H, water vapour will be given 
off and metallic copper remain in the tube (a reduction). Thus CuO + 
S2 Cu -f- H2O 

Curiously, when two powerful oxidisers interact, both are sometimes 
reduced. Thus, it is said, if ozone (O3) be allowed to act on hydrogen 
peroxide (H2O2) or on barium dioxide (Ba02) that the following reactions 
occur : + O3 = HgO + 2 Og ; 

(2) BaOa + 63 = BaO + 2 Og. 

Chlorine again acts indirectly as an oxidiser in presence of moisture 
because of its readiness to combine with H and set free O from H2O. 

The Caibohydiates include all the non-mtrogenous bodies — ^viz., the 
starch, dextrins, malto-dextrins, sugars, cellulose, gum, and fat — ^which 
are collectively, and some in the highest degree, important to the brewing 
industry. They are composed of three elements (carbon, oxygen, and 
hydrogen), and the last two enter into the molecule m the atomic ratio in 
which they occur in water (2 • 1), whence the name “ carbohydrates.” 
They comprise tetroses with 4 carbon atoms to the molecule (C4H8O4) ; 
pentoses (CgH^o^s) with 5 ; hexoses (CgHigOel with 6 carbon atoms ; 
heptoses with 7 ; octoses with 8 ; and nonoses with 9. Only the hexoses 
and nonoses are capable of undergoing aloohoho fermentation. These 
bodies are classed in modem chemistry as Aldoses, owing to a relation 
with aldehyde (CH3 . COH), the latter group of which they contam. 
To indicate this the pentose formula may be written CHgOH . 3(OB[OH^ . 
COH, and the hexose one CHjOH . 4(CHOH) . COH, etc. It is to the 
Hexoses that starch, dextrin, cellulose, cane-sugar, maltose, and dextrose 
belong, because they all contain 6 carbon atoms, or multiples thereof, in 
the molecule. Next to these, though less impoiWit, the Pentoses claim 
mention. They are unfermentable bodies (sugars), e gr., arabinose and 
xylose, derived from the pentosans of plants, which mclude gum-like 
substances — araban, xylan (C5H13O5), and perhaps others of importance 
in head-retention. Xylan has been separated from “ grains,” and 
galactoxylan (ChHjqOjo), onginating perhaps from union of a hexose 
(galactose ?) and a pentose, with loss of one molecule of HjO, was found 
by C. Lintner in Munich beer, where its rbU appeared to be that of 
increasing the permanent foam, although in its separated form, as a loose 
white powder, it is not really soluble in water, but swells up extra- 

Thfise ^vere kept, with the result that the ale was perfectly sound, bright, and in fine 
condition several months later ; the deposit, which was aTinn.l1, consisting oidy of normal 
cells, chiefly of Sact-lt paatonamLs. It transpired that the hogsheads had been given far 
too much vent, so that oxidising influences were excessxv e. Probably the aldehyde so 
formed, which had procured the over-hasty condemnatiou, soon passed into acetic acid, 
which the ale, being sound enough, was able to carry. 
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ordinarily in it. The semi-solation is adhesive and has great viscosity, 
bnt is lively kept back in filters, whence the less-consistent foam of 
filtered beers. These gums are sometimes referred to as PectOQS bodies 
(see footnote, p. 146). 

The pentosans in barley have been estimated at 8 — 9 ?o> ia malt '(nth its rootlets, 
on a calculation referred to 100 lb of dry barley, at nearly l®o more; but calcula- 
tions based, as usual, on the furfoiol obtained by boding any foodstuff \iatlL 
bydrocblonc acid will come out too bigh, as oxjcelluloses also yield forfurol. 

Gums of Bajd^ and Halt generally Besides pentose gums, others to which a 
bexose formula has been given hare been identified, e.g. a- and jS-amylans (nC«HtoO ,) 
by C. O’SuUiiran, who found the former m rye, wheat, oats and barley. Oats and 
barley contamed the larger quantity • in barley it was about 2%, but Tailed con- 
siderably. The fi-amylan came to about 0 3^o, but the combined totals might vary 
from 2 to 4% A 1% solution of a-amylan fiows leaddy, but a 2°o one forms a 
]elly-like fluid, and it is to this gum that the had drainage of distillers' mashes, 
consisting partly of oats or raw barley 'with a high percentage of it, is attnbuted. 
Digested 'with sulphuric acid it is converted directly mto dextrose, and presumably 
some such conversion occurs in gemimation also It is levo-rotatoiy ( V j = —24’’ 
:r2®) ]3-amylan, ■with an opticity 'o]j = —72®, increasing on digestion with hme 
water to [a~ j = — 144®, is supposed to remain in the malted grain. 

Lmdet, however, allegmg that alcohohc precipitants do not destroy enzyme 
action, has adopted instead chilled 'water, 'with 20 — ^25 grammes of added mercurous 
sulphate per litre, for extraction of the gram ■with the object of instantly suppressmg 
enzyme action. The filtered extract is treated with banum oxide, neutralised 
refiltered, and then fractionally precipitated -with alcohol, and by this means Lmdet 
obtained two gums, of which he maintams that all gums found by other investigators 
are mixtures These gums are a lasvo-rotatorv Amylan .= — 137 ‘7. with no 
reducing action on Fehhne, and a dextro-rotatorv Cialactan, with = — 7si, and a 
reducmg power of 30 — 33 The relative proportions vary from 64 — SS parts of 
galactan and 36 — 12 parts of amylan, the galactan approaching its maximum the 
more the malt has been forced Its quantity is increased by geinunation, though 
both exist in raw barley 

Lmdet thinhs amvlan to be identical with one of the modiScations of O’.’^ulhvan's 
j?-amylan, but the reducing sugar with opticitv ji ,—53 to — o9. ihoutrh thenin 
similar to dextrose, was proved to be a pentose Gunther and Tollens' method ) 

The hexoses (E. Fischer's real carbohydrates! have been subdivided 
according to the ratio of the carbon atoms of their moU^ule to 6. Thus 
dextrose, levulose, galactose, etc , with fomiula CgHi^Og, are Mono- 
sacchaxides , maltose, lactose, and Mxcrose or cane-sugar are Disac- 
charides ; rafiBno&e. a constituent of barley, and a supposed embryo 
nutrient, with formula CjgHgoOjg. as a Trisactdiaiide ; starch, cellulose, 
and inulm are Polysaccharides. 

The following classification on difierent lines (solubility, etc ), con- 
densed from C O’Sullivan, with one alteration explained at the end, may 
be compared • — 

CSlass I. — Sacchaians wCCgHioOg), Soluble in water, insoluble in 
alcohol, yielding nlCgHigOg) bodies by action of acids, ■without 
fonnation of inteime^'te bodies. 

[oc and ^ Amy lan, Dextran, Lesvalan, the Cfalaotaos, etc.] 

Class n. — Sacehatens n (CjHioOg). Insoluble in water and in alcohol, 
yielding »( 0 i 2 H 220 ii)-bodies—«.flF., maltose— by action of certain 
enzymes or certain acids, and finally 7z(O0H^2^6 action 

of acids. 

[Oelliilose, Standi, laiilin. etc.] 
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CSass m. — SacchaiiDS ^(CeH^oOs)’ Soluble bx water, insoluble in 
alcohol. Converted by certain enzymes into w(0i2H220ii) 
bodies, and by acids first into those bodies, afterwards into 
ii(0eHi2O6) bo^es- 

[Malto-deztrms, Deziri]i(s), Glycogen, etc.] 

Cl^ ly.— Gacdiaicnis (sugars, with sub-groups). 

(a) SacNiaroses, »(Ci2H220ii). Soluble in water and in alcohol 
below absolute. Converted by acids, and, as to some, by enzymes 
into ^CCgHigOe) bodies. 

[Sucrose (cane-sugar). Maltose, La^itose, etc.] 

^) Glucoses, ^(CgHggOg). Soluble in water and alcohol. 
I^estrose, Levulose, Galactose, etc.] 

(7) Aromatic compounds of no special interest here. 

Class V. — ^Mucilages, Gums, Glucosides, etc. 

The alteration made has been to use “ Sacchorons for the name of 
Class ly., and “ Saccharoses ’* for sub-group a, instead of the contrary. 
The writer, with all diffidence, suggests that it is a greater aid to memory, 
as well as more consistent. 

A substance called Dextran (isomeric with dextrin), and known 
as “ gum of fermentation,” gahrurigsgummi, so named by Scheibler, 
who proved its formation during the viscous fermentation of sugar- 
beet juice, is referred to, and its possible connection with ropiness, 
later on. 

Formation of Carbohydrates, etc., in Plants. — ^We know that the carbon 
element, which forms the backbone of starch, is derived from carbon 
dioxide in the air. that it is absorbed by leaves, and that this COg is broken 
up, the carbon being retained and the oxygen exhaled. This happens, it 
is supposed, under the influence of the corpuscles of chlorophyll (green 
coloration) and sunlight, because starch granules are observed to increase 
in size only when in contact with the chlorophyll protoplasm ; and 
further, if certain delicate plants be removed from light, the ready-tormed 
starch granules disappear in a few days, althou^, if the plants be brought 
into the light again, they reappear in a few minutes sometimes in sun- 
li^t ,and more slowly in diffused light. We may have enzyme action here 
{c^. amylase and ooagulase. Chapter IX ). All the oxygen contained in 
the absorbed COg is apparently returned to the atmosphere, but probably 
the reaction is more complicated than this implies, water undergoing 
decomposition too. The exact reaction is unknown, but it has been 
supposed that formaldehyde (CHgO) may be first produced thus . COg -f 
HgO = CHgO + Og, and that glucose might be produced from formalde- 
hyde by condensation thus : 6 OHgO — 0gH^2^6> starch again 
similarly from glucose. The young plant is relatively richer in nitrogen 
and ash constituents ; in other words, the root-conveyed supplies prepon- 
derate therein, but as maturity advances the carbon compounds increase 
with the spread of leaves. While carbon and silica continue increasing as 
long as the plant is in a green state, it is said that at the time of fuU bloom 
a cereal has acquired nearly all '^e nitrogen and potash found in the 
mature crop, the assimilation of phosphoric acid lastang somewhat later. 
But when seed formation begins, an impoverishment of other parts of 
the jffiant sets in, so that if the season be favourable to complete dev^op- 
ment of the seed, the straw of a cereal crop will be fairly exhausted at 
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liarvest-tirae, wheieas in seasons unfavourable to complete maturity the 
straTT is found to contain more of tbe useful materials. 

Starch has now been given the formula 100(Ci2H2oOio) or (80 
— 40 CgHiflOg), signifying that the molecule is made up of 80 maUan and 
40 dextran groups, li^ed in ring form tbrou^ osygen atoms, and that 
the maltan portion of the chain is hydrolysed by successive changes 
forming dextnns and ultimately maltose. The 'vreight of its very complex 
molecule has been fixed at 32,460 by means of Prof. Raoult’s method of 
determining the molecular weight of non-gaseous bodies. This method is 
based on the fact that substances dissolved in certain solvents {e.g., water, 
acetic acid, and benzene), with known freezing-pomts, lower tbia freezing- 
point to an extent proportional to the amount of substance taken and 
inversely proportional to the molecular weight of the substance. That is, 
if weights of substance be taken in proportion to their molecular weights, 
the varying quantities will all lower the freezing-point equally, with tbia 
reservation, that inorganic salts produce about twice the effect per 
molecule that carbon compounds, such as sugar, do. Taking, then, a 
carbohydrate simpler than starch, cane-sugar witli a molecular weight of 
342,* 3 42 grammes of it dissolved in sufficient water to make 100 grammes 
of solution, froze at O' 185° C. below zero, while one containing half that 
quantity froze at O' 092 ° C. below zero . Agam, a solution of 1* 34 grammes 
of malic acid (C 4 Hg 05 ), corresponding wuth its molecular weight 134, and 
made up with water so that the solution weighed 100 grammes, froze at 
0" 187“ C. below zero, a number almost identical with that of the sugar, the 
minute variation being explicable perhaps by overlooked intermolecular 
penetration in the former case as treated of on pp. 237, 23S. The greater 
lowering effect exerted by inorganic salts, especially such as are electro- 
lytes, IS attributed to their being, when dissolved, in a state of ionic 
dissociation (cj. pp 152, 214). 

The starch granules consist of granuhse, enclosed xn an envelope of 
amylo-cellulose, of which two kinds, one soluble in boiling water, the other 
only in caustic potash with heat, have been differential^ by Brown and 
Heron The latter kind on solution gives the blue starch coloration with 
iodine, the other is only coloured yellow by it in accordance with Naegeh's 
dictum about amylo-cellulose generally The starch granules he closely 
packed side by side with small granules of proteid matter withm a network 
of thin-walled cells throughout the endosperm The problem how the 
granulose is rendered accessible to diastatic influence in malted grain when 
suitable conditions for the activity occur, is explained alternatively on the 
one hand by the cytase theory of total solution of the accessible inter- 
vening cell- walls, and by a partial solution sufficient for the purpose on the 
other. The cytase theory', and the objections of Grass, are set forth on 

p. 66. 

Tn the development of the starch granule it is now supposed that the 
cellulosic envelope is first formed, and that the granulose is deposited on 
the interior in successive layers, the centre of the granule being filled last 
of all. This is inferred from the fact that, when starch is act^ upon by 
malt e8±Eact, minute channels can be observed extending to the centre of 
the granule, which is ihe first part attacked. It is stated that the case is 
otherwise with the so-called transitory starch,” formed from sugars at 

* = 144 -1- 22 -f 176 = 3*2. 
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the beginning of germination, and that this is attacked from the outside. 
Dr. A. !Fembaoh, noticing the fact that in crystallisation generally the 
earliest-formed crystals are alirays the purest, in connection, mth note- 
worthy differences in the amount of phosphoiio acid found by him in, the 
large and small granules of potato starch, the “ nucleus ” of the latter 
especially being comparatively rich in the acid, while the other and pre- 
sumably earlier deposited layers were free from it, considers that absence 
of any sort of homogeneity in the contents of the starch granule is mdi- 
cated. The discovery by him and Wolff of amylo-coagulase (see Ch. IX.), 
an enzyme capable of throwmg down a flocculent deposit of starch from a 
solution, or even of transforming it into a coagulum, thou^ not perhaps 
exactly reproducing nature’s processes, nevertheless indicates, he thinks, 
a probabiUiy that the successively formed starch layers are a consequence 
of successive coagulations ; and connected with this is a theory of the 
course of starch transformation in the mash-tun, advanced by Duclaux. 

Having in view the fact that nearly all the maltose obtained is pro- 
duced in relatively short time (20 or 30 minutes from start), its after- 
production being very slow, Duclaux considers that the first phase is 
coincident with the attack on the least resistant part of the swollen 
granules, and the slow phase with that on the more highly coagulated 
parts which gelatinisation does not bring into the same ph 3 rsical condition. 
This idea of a different physical “ texture ” (which is, of course, a very 
different thing from the successive hydrolysation of parts of a complex 
starch molecule referred to above, and at greater length on p. 237) finds 
support in an important observation by Musculus that the blue coloration 
given by starch with iodine in concentrated solution becomes a red one 
when the solution is sufficjently dilute, an observation which must con- 
siderably modify the views generally held (as stated on p. 164) about the 
reactions of starch and dextrin with iodine. 

Ar tifleiftl Staxch. — Dr E, Roux, having succeeded in getting, by 
incomplete hydrolysis of amylo-ceUulose, “ artificial starch granules,” with 
structures seen under the microscope to be similar to those of natural 
starches, and giving a blue coloration with iodine, but not gelatmising 
tdffi hot water, imagines, in conjunction with Prof Maquenne, that 
natural starch consists of two proximate constituents, 80% of one similar 
to his “ artificial ” product (unhappily named amylocellulose), and 20% 
of amylopectin,* to which the gelatinising power of starch paste is 
attnbuted. In that view “ artificial starch ” differs from the natural only 
in the absence of amylopectin Further, Dr. Roux considers the so-called 
“ stable dextrin ” (see pp. 1, 2, 238) to be a conversion product of 
amylopectm, which, he says, if acted upon by malt extract at 176® F., is 
converted into dextrins. Apparently these views are not accepted by 
Fembach and Woliff. 

The conversion products of starch — dextrin, malto-dextiin, and maltose 
— ^axetreatedwithsomefuUnessonpp 315 — 329, under Mashing operations. 

* Peotiii (peofccms bodies), a term generally applied to a substance contained in the 
joioe of some fmita (apples, pears, black currants), and in some roots, s.p., beets. Wh^ 
the jtdce la boiled, mbumen separating in flakes, addition of alcohol and hydrochlone 
acid, even alcohol alone to currant jnioe, gives nse to a gelatmous precipitate of a pectin 
body to vhich fotmuhs of and C2B^4a024 have been varionsly given. MUntz 

found 0-9% pectates in barley. 
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with the more coavenience ia that the quaatities of these bodies, and the 
composition of the first two of them, wary with the methods adopted. 
But a mode of differentiating various sugars by means of crystalline 
bodies they can be made to form (osazones), mentioned on p. 102 (foot- 
note), may be amplified. 

Osazones. — ^I£ phenylhydrazine (CgHj . HX . NHg) be added to a 
dilute solution of glucose acidified with acetic acid and then warmed to 
212° F. for three-quarters of an hour, Glnoosazone ciys- 

tallises out in yellow needles. The reaction is 

2(Cg£[g . MX . X Ji2) '4" ^ HjO -f- 52- 

Ihe»iyln\drazuie. Crlucose. ir acosazo.ie 

Glucosazone melts at 200° — 202° C , while crystals of glucose melt at 86° 0. 
Eroctosazone, with similar formula and crystallising in yellow needles, 
melts at 205° C., fructose crystals at 95° C. Qalactosazone melts at 
193° C., while galactose crystals melt at 120° C. Saccharose (cane-sugar) 
crystals melt at 160° C., but this sugar forms no osazone. Maltosazoae 
(0,4113^409) melts at 195° — ^200° C. Ibomaliosazone is the name given 
to an osazone separated by Fischer from glucose, and by C. J. Lintner from 
beer wort, and from which the much-disputed existence of Xsomaliose in 
beer wort has been inferred by some. Lintner’s osazone is much more 
soluble in hot water than maltosazone, and melts at a much lower tem- 
perature, namely 150° — 153° C. This fact, on the analogy of metallic 
alloys fusible at points very much lower than those of any of their con- 
stituents, and which are lowered stiU more as the number of those con- 
stituents IS increased, points to isomaltosazone being an impure osazone, 
and to “ isomaltose ” being a mixture. It is prepared by Lintner as 
follows ' — 

Five kilogrammes of potato starch and 2 kilogrammes ol finely crushed 
pale-dried malt are kneaded mto a thick paste with water, and this is 
introduced into 17 litres of water at 72° C f = 152= F ), which temperature 
IS maintained for 4 hours with constant stirring. Then the mash is boded 
to destroy diastase, cooled to 30° C. (86° F.), and set ” with SO grammes 
of pressed yeast. In two days fermentation is ended, and all the maltose 
fermented away, as can be proved, so it is said, by an osazone test The 
solution is now ffltered, the filtrate concentrated and treated with animal 
charcoal, and again steamed into a thin syrup. After repeated dialysing, 
fractionation, precipitation, and decolonsation with animal charcoal, 
about 500 grammes of syrup is obtained, from which by repeated pre- 
cipitation with absolute alcohol a substance alleged to be pure dextrin-free 
“ isomaltose ” is separated in solid form. 

The latest researches by Gruters (1904), confirmed by Ost, tend to show 
that Lintner's isomaltose, prepared as above, is a mixture of maltose and 
a newly identified malto-dextrin, named by Gruters malto-dextrin-Y- The 
rotatory power of this malto-dextrin is given as fala = 160 and its cupric 
reducing power *R = 60 (i.e. -y that of maltose). Mixtures of it with 20° o 
maltose gave an osazone precisely similar to that of “ isomaltose.” 

Sugars : X, y Mbdifieatians (x and ^ Glocosifies).— These variations 
are rather outside the purview of the operative brewer, but we may just 
note that glucosides are bodies occurring in nature, which, when treated 

* B expresses opticity in terms of maltose ; £ m terms of glncose. 
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■with dilute acids, or certaia erwymes, break up, yielding dextrose as one of 
-the products. We may cite amygdaliu, found in bitter almonds and other 
kernels, -which, when acted on by an enzyme, emulsin, from the same 
kernels, splits into benzoic alddiyde, prussic acid, and -two molecules of 
dextrose — thus : 

+ 2 HaO = . OHO + CNH + 2 ; 

but when ac-ted on by maltose (from yeast), yidds one molecule of dextrose 
a.Tvi a new gluooside, to which the pleasing name of mandehntrilglucoside 
has been given. No prussic acid appears, but if the “ artificial ” mandel- 
nitrilglucoside be acted upon by emiilsia, then prussic acid, benzaldehyde, 
and dextrose (1 mol.) are formed. Maltose is regarded as an a-glucoside : 
a and ^ maltose are isomerides, so are oc and ^ dextrose, but differing m 
opticity, the a modifications having a higher rotatory power than the ^ 
modifications, but -with a tendency to approach one another which is much 
accelerated by addition of an alkali. For instance, Bro-wn and Morris 
found that the rotatory power of maltose, produced by action of diastase 
on starch paste m -the coM, rose on addition of an alkali, showing that the 
maltose produced was in P-form . conversely, when maltose is hydrolysed 
■with maltase (an enzyme in yeast), glucose is formed, whose rotatory 
power diminishes on addition of ammoma ; in other words it is a-glucose. 

TJnfeimentahle Sugars— i.e , -unfermentable in the limi-ted, or in the 
brewers’ sense of -the term. Though, for instance, the milk sugars are 
obdurate to ordmary yeasts, it was found by Bourquelet in 1888 that 
galactose, unfermentable in itself by high or low yeasts, becomes so upon 
being mixed with dextrose or levulose. On the other hand, E. Fischer 
failed in inducing yeast to attack 2-mannose, when mixed with dextrose 
even m the smallest quantity, gradually, and with the greatest caution, 
■though -the isomeric d-mannose had proved fermentable This fact is held 
to support Fischer’s “ lock and key ” lUus-tration of enzyme action, based 
on -the view that stereometric variations, not affecting general oharac-ter, 
number of atoms, or percen-tage composition, interpose obs-tacles which in 
rigidity may he compared -with the wards of a lock. It would appear that 
in practice certam ui^acmentable by-products are formed when cane-sugar 
is inverted by acid, and -that -these impart to the beer in which such invert 
is used some permanent fullness, which yeast-mverted cane-sugar does not 
confer. 

Gllycogexi, a carbohydrate -with composition though appearing 

as a varying constituent of yeast, in which, according to Laurent, the 
amormt may reach 32" 6% of the dry substance, may be considered here 
■with Its kindred bodies. It is given a molecular weight (by freezing-point 
determination) corresponding with 9,500 — 10,000, and appears to be a 
reserve material, whether m -the liver where it was first identified and 
where it is converted into maltose and glucose as required, or in yeast. 
It is coloured reddish bro-wn by iodine in very dilute solution. According 
to Hennebeig, cells containing glycogen and cells without any -will be 
found in -the same culture ; the amount during fermentation depends on 
the quantity of sugar in the liquid : it disappears when -the liquid is much 
impovexisked, but reappears when more sugar, cane, glucose, ox fructose, 
is added. Although gaJac-tose, with -the same percentage formula, 
^ glucose, is iaeffective in this way, being non-fermentable as 
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stated above, it is said that glycogen can be formed from lactates a^nd 
siMJcinates, in which (033403)2 and O4H4O4 axe respectivdy combined 

with a metal, and even from asparagine ^ qq ‘ 

CeUnlose (CeHjoOj)^ is the substance of most vegetable tissues. It 
is found perhaps at its hardest in the datestone, at its softest in the 
delicate membrane of the yeast 'cell. It forms the woody fibre of trees 
(lignO'Cellulose), the husk of barley, the framework of the grain's interior, 
the fibres of cotton, etc The latter are nearly pure cellulose ; the barley 
husk, pure cellulose when first formed, is gradually encrusted with foreig^ 
matters as the seed approaches maturity. Flax fibre belongs to the pecto- 
celluloses, a division of the compound ceUnloses with non -cellulose pcctic 
constituents, and with less C and more O. 

In analysis of cereals cellulose is ordinarily under-estimated if taken as 
the fibre,” which remains after boilmg with dilute acid and alkali, a 
treatment likely to convert much of it (say 50 — 60®ol iO'to glucose. 
Schweitzer’s reagent (cupric hydrate dissolved in strong ammoma and free 
from impurities) is the recogmsed test. It first gelatinises and then 
dissolves fibre placed in contact with it. Sundry precipitants — e.g., salts 
of alkali metals — ^throw down a gelatinous blue compound of copper oxide 
and cellulose, washing with weak ammoma or dilute acid being adopted to 
resolve the combination On dilution of the viscous solution precipitation 
of the cellulose begins, but req^uires several days for completion A more 
recent method, based on a discovery that cellulose is }tot attacked by 
caustic potash of 50% strength, has b^n devised for foodstufis by Simon 
and Lonsch, and has the advantage of being speedier Its features are 
digestion of a defimte weight (e ^ . 10 c c ) of substance, dried at 100" C , 
with 50% caustic potash for one hour on a boiling water bath, treatment 
with 3 — 4 c c. of hydrogen peroxide which edects precipitation of pectms 
andlignm, and also decolorisatioii , heating for another 15 — 30 minutes and 
treatment of the alkahne solution, when cold, -witli half its bulk ot 
alcohol and 6 — 7 c.c. of concentrated acetic acid (this to ensure umform 
mixture). The precipitate of previously dissolved, cellulose, filtered off by 
aspiration, is then v ashed with water and dilute acid to remove phos- 
phates, treated with alcohol and ether, and finally dried and weighed. To 
facilitate filtration, substances containing starch should be previously 
acted upon by diastase. 

nr ga.nif» Acida. — ^The most obviously important of these to the brewer 
are acetic acid (C^HjOa), lactic CgHgO, [= CH3. CH(OH)COOH], 
butyric C4Hg02 [= CjH- . COOH], and succmic 0*3404 [= C.H* 
(COOH)^]. Oxahc acid CjHaO* is evidenced as sometimes present in 
fermenting wort by 8-augled crystals of oxalate of lime occasionally 
observed in the microscopy of yeast. Lactic acid, and still more butync 
acid, are acids looked upou as undesirable constituents of a fermented 
beer, with the qualification that a limited amount of the former, normally 
present in the soundest wort, is essential for giving piquancy to the 
finiabftd beverage, for stimulating peptase action in the mash-tun, and in 
the copper for checking precipitation by heat or by hop-tannin of the 
peptones formed. Otherwise, as the products of specific disease ferments. 
Bacterium balyricmn {Bacillus amylobader) fo rm in g butyrie acid, and 
Pediococcus addilaetici, with the more frequent JSdcferittm Zocfia, forming 
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lactic acid, and perlmps BaciUus 8vI>tiU8, sharizig in the production of both 
acids, they are distinct marks of unsoundness. The reactions, taking 
sucrose as a starting-point, would be : 

(1) "1“ HjO = 2(C2Ej20g). 

(Oane-Bugar ) (Dextrose and Leytuose). 

(2) CgHijOj = 2(CsEg08). 

(3) 2(CsHiO*) = CiHgO, + 2 00* + 4 H. 

(Laotio acid ) (Butyric acid.) 


It is possible that lactic acid may assume a more important roU in 
fermentation phenomena, experiments by Buchner and Meisenheimer 
(1904) with pressed yeast juice leading them to conclude that lactic acid is 
formed as an interm^iate jorodvct between the splitting up of sugar (the 
glucose into which maltose is first hydrolysed by maltase) and its con- 
version into alcohol and carbon dioxide ; that two enzymes are concerned 
in the reaction, one (zymase) splitting up the sugar into lactic acid, the 
other (lackicidase) converting the acid into alcohol and COg. This view, 
they say, has escaped notice before, because when the enzymes are 
constantly replenished (as with living yeast-ceUs) the acid is consumed 
almost simultaneously, and the fined jmoditcis only are apparent ; but the 
investigators have found that if yeast juice, with which no such renewal is 
possible, and lactic acid are mixed with sugar the amount of acid is largely 
increased in four days, whereas in absence of sugar the acid disappears 
Juice of low fermentative power, it is said, shows diminished production of 
the original lactic acid, while a powerful yeast juice stimulates it (c/ 
Ch. EH., " zymase ” action). 

Such lactic acid, as generally with that produced in fermentation, is 
optically mactive ; but another modification is known, active lactic or 
paralactic acid (derived from juices of flesh), which turns the plane of 
polarisation to the right, though its salts are Icevo-rotatory. 

Butyric acid is class^ among the fatty acids, and combines the sour 
flavour of acetic with that of rancid butter. Two modifications are 
known. 

Succfnic Acid C 4 H 8 O 4 (or COOH . CH 8 . CH 2 . COOH) is formed m the 
alcoholic fermentation of wort {v pp. 268 — ^298), in other fermentations — 
notably in a bacterial one of tarWic acid — and is in many ways chemically 
important. An mteresting fact is that it is found m nnrvpe grapes, but is 
replaced by tartaric acid, otherwise dioxysuccinio acid COOH . CHOH . 
CHOH . COOH ; in ripe ones, pointing to the probability that, like the 
amido-body, asparagine COOH - CH(lfeg) CHg . COCNHg), to which it 
is closely akm, it is a transition product of immaturity. In beer it and 
lactic are two of the normal acu&, which remain in the residue, when a 
measured quantily of liquid is being distilled for analysis, and are therefore 
called “ fixed acids,” both being calculated as lactic, while the acetic, 
which goes over, is classed as volatile acid. 

Succinic acid is di&oaio, seeing that it contains two CO . OH (“ car- 
boxyl ”) * atoms, the H of which can be each replaced by an atom of a 
univalent base, or together by one of a bivalent base, thou^ in certain 
compounds (acid salts) the H of only one COOH atom may be replaced. 


* CO.OH is the oarho^l group, CO is carbonyl, OK hydroxyl. 
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It will be noticed intbe formiilse given in this paragraph that the difference 
between it and tartaric acid appears in replacement of H of the two 
methylene or methene radicles (CH2) by hydroxyl (OH), and between it 
and asparagine in replacement of the H of one methene atom and OH of a 
COOH atom by the so-called “ amidogen ” (XH2). 

Esters (Compound Ethers or Ethereal Eialts).— These are formed by 
interaction of an acid and alcohol, the alcohol radical replacing, wholly or 
partially, the H of the acid. They include many fragrant bodies — e.g., 
amyhc acetate and ethyl butyrate, used respectively as “ pear ffavour ” 
and “ pineapple essence,” some contributing to the bouquet of wines. In 
beers, especially the old vatted types, the most likely to occur is ethyl 
acetate : 

CH3 . COOH-}- CaHjfOH) = CHg . COOCCgHg) HgO. 

(Ac-etic acid.) (Alcohol) (Ethyl acetate ) (\Vater) 

P. Lindner, pursuing an observation, made some years ago, that green 
malt, kept in a partially filled vessel in presence of air, developed a strong 
odour of fruit, due to frmt ethers (compound ethers), has recently found a 
yeast, the cells of which resemble Sacch anomalus, growing volummously 
on green malt kept in similar conditions, or on soaked barley placed m 
tubes 50 cm x 3 cm. for four to six wee^ and freely supphed with air ; 
yeast which, when sown in wort, produces these ethers in abundance. 
Sacch anomalus is, he says, easily distinguished from other yeasts by 
formation of hat-shaped spores ” Rather remarkably the wort, fer- 
mented by the ether-producing yeasts, appeared to be protected from 
bacterial attack, and in the culture process itself, if the grain in the tube 
is very damp, the yeast develops slowly and the normal smell of butyric 
acid IS suppressed. Other yeasts — and notably SaccJi apicuintus — 
develop an intense ethereal odour in a well-aerated wort, but none in a 
non-aerated one. “ Saaz ” yeast (feebly attenuative) was found to 
produce ethers m considerable quantity, and it may be mentioned that a 
fragrant ethereal smell may be noticed pervading lager store cellais and 
emarmting from the store casks which have been emptied but not removed. 
Experiments by Terroine with commercially dry sugars and normal 
pressed yeast (no dilution) may be just touched on. though the conditions 
were not such as come mto brewery practice \%Tien 66 grammes of 
saccharose or dextrose were added to 100 grammes of pressed yeast givuig 
a sugar concentration of about 48%, a brisk fermentation, with a strong 
odour of fruity ether, ensued , when the sugar was increased to lOU 
grammes dextrose fermented, but not saccharose, though on dilution 
fermentation followed with the latter too . It appeared to the inv estigator 
that ether production kept pace with alcoholic fermentation, and therefore 
he attributes the former to zymase action Xo ethers were obtained in 
concentrations below 10% to 20° o- 

TglAfnflnt s in fheir uajmsint state. — ^In earlier editions of this book it 
was suggested that hydrogen set free (with carbon) in the formation of 
asparagine from more complex proteids during the germination of green 
malt migbt .j in conjunction with free oxygen or oxygen wrested from 
water, hydrolyse the sucrose of grain into lactic acid ; and also, seeing that 
elements at the moment of their liberation, i.e., nascent, have more active 
properties than in a nonnaliy free state, the possibility was indicated of 
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the developmeut of sulphuretted hydrogen HjS,* produoing the so-caUed 
“ stench ” in oertain stock heers being connected with butyric fermenta- 
tion. Its equation shows that hydrogen is set free ; what then is more 
IJkdy that in its nascent state it wrests sulphur from one or more of 
the sulphur compounds present, whether sulphates of the brewing water, 
bisulphite of lime, sulphurous acid due to hopping, or the sulphur of the 
n.lhnTniTifti<ia ? It must uot be OTeclooked, however, that Frew isolated a 
yeast [Sacdt.fcstidus) from Burton beer, pure cultures of which, sown in 
n mtji.iT>tftd beer (dean “ lager,” for instance), caused the “ stench ” to 
develop therein. 

loinic Dissociation ; Elecirons (Corpuscles).— The vigour of nascent 
ftlftTTiftTitH may be connected with ionisation, that is, on their molecules 
being r^resented by ions = “ things that go ” (Faraday). When a 
solution of a salt (or fused salt), which is an electrolyte, is submitted to the 
electric cuireut passing between two platinum plates, or carbon and iron 
plates for chlorme oompounds, one the anode (positive electrode) connected 
with the H.P. (high potential or -f terminal, the binding screw on the 
copper plate of the battery), the other the kaihode, or negative electrode 
connected with the L.P. or — terminal (the binding screw on the dtic plate 
of the battery), evident dissociation occurs. Of the elements composing 
such salts, the ions of the metals and of hydrogen being, as supposed, 
positively charged, travel down the grade ” to the kathode, and are 
called katiCDSf wh^ the ions of the acid radical (sulphion SO4, mtrion 
NO3, or chlorine Cl) travel towards ihe anode, and are called anions. 
SO4, however, does not appear, as such, at the anode ; it reacts with 
water and forms sulphunc acid (H2SO4), setting oxygen free, and it is this 
gas which appears at the anode. This is what happens in the so-oaUed 
electrolysis of water, the sulphunc acid with which it is acidified being the 
real electroljrie, and undergoing alternate dissociation and recombination, 
in the first of which its own H is set free, m the second H is taken from the 
water, the 0 of which is liberated. Modem chemistry supposes that when 
salts are dissolved their constituents are more or less completely dis- 
sociated into ions, temperature and ample dilution aiding (for ITaG 
complete ionisation only in dilutions of at least 000585, or its molecular 
weight m grammes— 58‘ 5— in 10,000 htres), and that these ions are 
respectively charged positively or negatively, and that the current in 
electrolysis simply uiges them to the opposite electrode. The assumed 
‘ charges ” are held to explain marked difference between the 10ns and 
elements in a free state ; for instance, sodium (Na) could not exist for 
more than a moment in the free state. Thus the products of Nad, when 
electrolysed, are not Na and Cl, hut H at the kathode and Cl at the anode, 
the sqiarated Na ions at once forming sodium hydroxide (NaOH) and 
liberating H from the water (electrolytio process of soda-making from 
brine). It was, however, when electrolysing the fused hydroxides that 
Sir H. Davy first saw the metals sodium and potassium before they hurst 
into fiame instantaneously at the kathode. The ionic theory explains 

* HoTerer, a gpedfio oigauism, Beggiatoa (ibe B alba and other Bub-vaiieties}, husies 
itself \nth deoQmposmg anlphor eompoimds in water (mostily m hot sulphur spim^), 
settmg stili^iiretW hydrogen free. In 'whatever way it proceeds, whether hy abstracting 
oxygen and setting hydrogen free to combine as indicated, or otherwise, such water 
enclosed in a fisA 'wiidi Beggiatoa soon deTelops HjS. 
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■wrhy potassiTim chlorate does not, like the chlorides, give the chlorine 
reaction with silver nitrate (precipitate of silver chloride), its ions being K 
and CIO 3 ; and fiuther, why Lnorganlo salts lower the freezing-point so 
much more in proportion than sugar does (cf. p. 145) — namely, because 
carbon seems incapable of passing into the ionic state, many of its com- 
pounds being non-electrolytes When its compound, acetic acid, is 
electrolysed, part only of the H goes to the kathode, while the carbon, 
taking some H, goes with O to the anode, probably as a passenger wiiSt 
Ivggage. 

Interesting circumstantial evidence of dissociation of Nad is found in 
the presence of hydrochloric acid m some yeast cells, while sodium chloride, 
though always present in beer wort in more or less moderate quantity, is 
detected in none- Now the decomposition of so stable a substance as 
NaCl by action of any weak acid is not conceivable, but if dissociation 
does occur in dilute solution, then the passage of d ions by osmosis 
through the membranes of the yeast cells is intdOigible, without any 
assumption that it is “ vital energy ” which makes the salt unstable and 
more readily decomposable. The formation of the acid, given the 
chlorine, esplains itself. 

Item some recondite researches on “ adsorption,” etc.,* we may note 
that Biltz and two others found that the organic colloids (dextrin and 
albuminoids) in beer, which are in a state of pseudo-solution, are positively 
charged with reference to the liquid with which they are surrounded, so 
that if a current of 113 volts and 0 04 ampere is passed through beer, the 
colloids migrate to the kathode, in the form of a thick flocculent mass, 
carrying with them most of the colouring matters, the latter being con- 
veyed by the surface influence of “ adsorption.” The foam near the 
kathode is yellow, glutinous, and very permanent , that near the anode 
white and easily dissipated. Further, they foimd that if two carbon 
electrodes were put into a glass of beer and the current passed for about 
10 seoonds,a fine, copious, and compact head was produced, which lasted 
for 48 hours. 

An important recent discovery in physios is that of elections, better 
named “ corpuscles,’* the term “ electron ” having been appropriated to 
signify the charge of electrioity carried by an atom to hydrogen If a 
sufficient current of electricity be passed by two sealed-in platmum wires 
through a vacuum tube, in which the nearest possible approach to an 
absolute vacuum has been attained, it can be shown that a stream of 
particles, calculated to be xnVir atom of H in size, pass /rom ihe 

kathode with force sufficient to turn a light mica wheel placed in their 
path. They are therefore negatively charged, and this is the case what- 
eoesr ^te gas they are split off from. As similarly charged bodies repel one 
another, there must be some counteracting positive charge to keep atoms 
from disruption. Prof. Thomson’s electri^ model atom consists of a 
hollow globe, charged with positive electrioity, within which bodies 
r^resenting numbers of corpuscles, negatively charged, revolve, actuated 
by very complicated forces, in reguLar orbits. Whe^er or no this actually 
represents the atom may he doubtful ; or, again, if the atom, as at first 
supposed, has been really subdivided, seeing that the view gains srtrength 


* Reported at great length in Zeitachrift /<2r phffEilcalische 
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taken to hare the latter anhydrous and any cabic oxide, which might 
otherwise absorb CO 2 , redue^. Turther, if the compound contains JST, 
in order to prevent error from decomposition of this element into its 
oxides, absorbable by the potash, the combustion-tube mouth, is to be 
ohaiged with granular metallic copper, reduced in carbon monoxide, and 
kept red-hot, when it absorbs O, and liberates free N. The difference in 
weight of the calcium chloride tube and of the potash bulb (of course 
properly connected with the combustion-tube), before and after com- 
bustion, gives the water and CO 2 respectively absorbed, and the water 
-s- 9 shows the hydrogen and the OOo -:- 3*6666 shows the carbon in the 
given w ftight . of substance ; nitrogen is determined by one of the methods 
elsewhere described ; sulphur from the barium sulphate formed when the 
sulphuric acid, into which it can be oxidised, reacts on barium chloride ; 
oxygen by difference. 

Li Osborne’s determinaiions the first extraction of fine barley meal was 
made with 10% solution of common salt, which dissolved out albumin, 
proteose (albumose), and globulin, with a quantity of gum which rendered 
precipitation of the ^obulm somewhat difficult. Saturation with 
ammonium sulphate precipitated all tihe proteins. The residue, after 
filtration, was again dissolved in 10% salt solution and tiie filtered solution 
dialysed for several days to remove the salt ; and when this was 
thoroughly done the globulin was precipitated, becavse insoluble in nan- 
saline, water This precipitate, dissolved again twice and twice dialysed, 
and after that washed with water, alcohol, and ether, and then dried 
over sulphuric acid, gave the “ Globulin.” 

From the filtrate, heated gradually to 149** F , the Albumin coagulated 
and precipitated, and after separation on a filter was washed with warm 
water, alcohol, and ether, then dried over sulphuric acid. 

The Etoidein was got after removing the previous bodies from a 
quantity of ground pearl barley (endosperm) by means of a 10% salt 
solution, by adding to the stiU wet mass sufficient alcohol to make a 75% 
solution This drawn off, and another extraction being made with 76% 
alcohol, the combined filtrates were evaporated to one-third of their bulk 
over a water bath. Subsequent steps were maceration of the plastic mass 
of protein matter, which separated, in distilled water ; redissolving, after 
decantation, in. 75% alcohol ; pouring of the solution into a large bulk of 
distilled water ; re-solution of the thereby precipitated protein in 75% 
alcohol, and the pouring of this last solution into a large quantity of 
absolute alcohol. Ether was added, but no precipitate occurred before 
addition of a little sodium chloride sufficient to ma^ up for mineral salts 
removed by previous treatment. The hoidein precipitate ifeen obtained 
was treated with successions of absolute alcohol, in wbidi it is insoluble, 
and dried over sulphuric acid. The alcohol and ether retained any 
extracted fat. 

The insoluble proteid in the determination was got from the nitrogen, 
found in the barley meoZ, after its extraction as above with salt solution 
and alcohol, but multiplied by 5*9, instead of the usual 6*25. 

* Using GrraJiam’s discovexy that parclixaeat or parchment paper is readily permeated 
hy ciystalone bodies, but very slowly by colloidal (gum-lihe) bodies. Ti the mixtnre be 

placed in a dram, floating on water, the sodinm and chlorine ions pass throng, in eg^niva- 
lent proportions, of cotucse, leaving the colloid b^md (OBmosis}. 
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Of tlie “ purified *’ substances obtained, the ^obulin is insoluble in 
pure water, but soluble in a 10°'o salt solution, from which Teiy little is 
precipitated on boiling, thou^ some turbidity appears at 194® F. ; while 
the bordein is almost insoluble in cold water, but rather more so in hot. 
No precipitate appears on cooling (unless salt is added), nor is there any 
coagulation of a solution of it on boiling. Dissolved in strong hydro- 
chloiio acid, it gives a crimson solution, a red one in mixed sulphuric acid 
and water (equal volumes). 

Miinro and Beaven, using 5% salt solution and 0*9 alcohol, found 
variations in the mellow and steely corns from tlie same sample of 1898 
barley (with a low total N percentage as obtained) : 

[ ; Per cent of Per cent of X 

Per cent, of X. soluble m 5^o ' soluble m 0*9 
salt solution I alcohol. 

Mellow Corns . * 1*036 0*335 1 0 267 

Steely Corns . 1 *456 , 0 394 | 0 463 

A. J. Murphy, using the same solvents and water, when operating upon 
a large number of barleys (27 English and 22 foreign), got the figures below. 
Ground barley was digested in water and in salt solution at 120“ F. for 
two hours ; in alcohol at 158° for one hour. 


Albuminuidfei TX 6 3) cakulated 
ou luu pMSefry substance 


Total 

Soluble fcna L^ula bit*) 1 in 
Sulubk am oaL'ulahltM j ^\ate^ 
Soil! hit m "-alt solution 

Soluble in akuhnl 


1 

3Iinimuin. Maximum I 


Esglish. 


Erj’ish 

Porei^E, 

S 43 

8 49 

10 S5 

14-56 

0 511)3 

0 421 > 

0 359 

1) 627 

1 3141 

1 lUl 

1 J69 

1 759 

2 25t)U 

2 

2 35U 

2 917 

1 623S 

2 l»24 

3 192 

3 4129 


The figures gmetnUi/, of which onlj* the extremes are given here 
(leaving out two higher figures 11 38 and 11 54, for which the alcohol* 
soluble albuminoids are not given), do not seem to support Munro and 
Beaven's observation that the ratio of alcohol-soluble to salt-soluble 
albuminoids increases with higher percentages of those bodies, the former 
being, they suggest, derived from the ** reserve proteid ’’ — i e proteid 
matter related to protoplasmic proteid. as starch is to the sugars ” But 
one notable point is that the ratio of soluble to total decreases as the latter 
increase, and appears lower in the foreign than in the English, the per- 
centages working out 79*5%, 68*25®o» 66*7°o> 59 8% 

Osborne and another have found that the nitrogen bodies in malt 
difier from those of barley, in that another globulm (Byned^staui), with 
more carbon and less nitrogen, has replaced that of barley ; that the 
AThnmin, substantially the same, is increatsed in quantity, while hordein 
is replaced by Bynia (soluble in dilate alcohol), but in less quantity ; and 
four varieties of Pioteoses have been differentiated by them. Some 
scepticism may, however, be permitted as to the bodies precipitated by 
salt solution or alcohol repiesenting definite entities, and a statement in 
the Ghemical Society’s ATinnal Report for 1904 (tiiough r^ening to blood 
proteids) may be quoted. “We must, however, note that the time- 
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honouied classification of albumin and globulin seems in danger of 
disappearing. The artificiality of the distmotion -vras first mooted by 
Starke two or three years ago. MoU now states that by simply 
warming serum to 66 — 60° (C.) the globulin is increased at the expense 
of the albumins, hydroxyl ions being regarded as the cause of the 
change.” 

Froteolysed bodies. — With the conversion products of protein bodies 
we seem, even now, on surer ground, in that we have the amide asparagin, 
procurable from many plants, and forming crystals, which are stable in 
the air, and giving very definite results in experimental work. But 
considerable advances m knowledge may soon be looked for in view of the 
success achieved by E. Fischer in the synth^is of true peptones from 
polypeptides, of which asparagin is one. 

Some of the newer researches on proteolytic changes in malt extract at 
various temperatures have been detailed on pp 60, 61, and the following 
pages, so that we may now touch briefly on the chemical and physical side 
of the question, premising once more that Albomoses (proteoses) and 
Peptones are held to be important factors in “ head retention ” and 
condition,” and that the less complex and crystaUisable amido-bodies 
are specially useful for yeast nutrition Yet we can hardly suppose that 
these bodies have sharp Imes of demarcation , under ordinary brewing 
conditions it is more than probable that intermediate bodies are formed, 
which link them together m no very simple cham. Of the diffusible 
peptones and still more diffusible amides there can hardly, given a due 
balance of the two types, be excess in a wort brewed on British infusion 
lines, hut there are other bodies of unstable solubility, that is, bodies which 
find their way into the fermenting vessel in a state of quasi-solution, which 
prevents them from being removed mechanically by the yeast, for the 
nourishment, however, of which their relative want of diffusibihty unfits 
them, as they cannot without extreme difficulty penetrate the yeast 
membrane. Yet when something occurs to throw them out of solution, 
a slight alteration of temperature or in the constitution of the wort {eg., 
lowering of the specific gravity or acidifying effect of COg), they come into 
evidence as causes of the so-called aTbuminoid haze. There is no reason- 
able doubt that insufficient modification, or the slackness of malt, increases 
the proportion of these, under equal conditions The contention of Wahl 
(p. 62) is that the temperatures of the British mash-tun extract an undue 
amount of these albummoids of the borderland, instead of completely 
converting them into peptones and amides. This contention may he 
recorded again without necessarily endorsmg it. 

Peptone (molecular weight 400 1), of which, if we may assume the 
products of pepsin’s action upon egg albumin to be paralleled in malt, 
there may be two types produced in the same conversion, one capable of 
beiog further split up into amido-compounds, the other resistant to tho 
action of trypsin (tryptase, in malt) . In mash -tun conversions the proteo- 
lytic action is duplex, and is favoured by heats below those usual in the 
British mash-tun, the lower range of these favouring the action of tryptase 
(the malt analogue of trypsin), l5.ehigher (120° — 140° F. ? ) that of peptase, 
the analogue of pepsin. Therefore, as we cannot consider any conversion 
diagrams separately, two, out of many, tentatively showing peph'c and 
tn/pUc action, are appended : — 
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Pepsin (on Egg Albizzuizi). 


l^rypsin (acuon on Fibrin). 


^bumin. 

Syntocin. 

Piotoalbimiose. Heteroalbuznose. 
Deuteroalbumose Deuteroalbumose. 

« 1 » I 

Peptone. Peptone. 


Albumin. 

Deuteroalbumose. 

Ampbopeptone. 

1 I 

Antipeptone. Henupeptone. 

Amido Acids. 


Leucine, Tyrosine : Aspar- 
tic Acid, Glutamic Acid, 
Ljsine, Arginine, Histi- 
dine : and Ammonia. 


It is supposed that the autipeptone half cannot be converted into 
anything simpler than peptones even by tryptic action, and therefore if 
the mash-tun conversions, under the most favouring conditions, corre- 
spond with the diagrams, it must he to the formation of amides in 
germinating malt that we have to attribute the preponderance of the 
latter. Antipeptone, however, can apparently be hydrolysed by other 
reagents (e.g , nitnc acid) into certain amido-bodies It is said that 
ammonia is always given off in small quantity when trypsin acts on 
albumen. Peptones are not precipitated from their solutions by dilute 
acids, nor by heating, even to the boiling-pomt. 

Synthesis of peptone from simpler polypeptides has been, as already 
noted, effected by E. Fischer, and attempts have further been made to 
convert peptones into the more complex proteids, which have so far only 
attained partial success. On the assumption that peptones are formed by 
hydrolysis from these complexes, it was hoped that some method of 
dehydrolysis might be effective, but on this failing it was thought that the 
condensation of the peptone molecule might occur through fi'tation of 
carbon, brought about by concurrent action of formaldehyde (CH,0) 
Although treatment of commercial peptone with formalin brought about 
turbidity, resulting in agglomeration into masses, analysis of these led to 
no defimte conclusion The filtrate, however, appeared to contain 
something which gave the reaction of proteids, and similarly when pure 
peptone was operated on, after albumoses had been salted out, substances 
were formed with the characteristics of primary and secondary albumoses, 
a trace of another resembling albumin. It is noteworthy that no 
formaldehyde could be separated eveu by heating, which shows that the 
bodies formed were, at any rate, not unstable compounds of formaldehyde 
and peptone. 

Amidftg and Axuido Adds. — ^Though asparagin is not cited amongst 
the products of tryptic action in the diagram above, there can. he little 
doubt of its playing a prominent part, by means of its ^ffusibility through 
walls, in the transference of nitrogen from the roots to the seeds of 
cereals. Found origmally in asparagus, and crystallising in rhombic 
crystals permanent in the air, it can be obtained from many other sources : 
it exists in malt rootlets (1-96 to 2*66% of the dry substance) and in the 
young dioots of vetches and other leguminous plants, dimin is hin g as 
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xoatiJiity adv&aoes, and. being absent from the seed. Its presence in the 
leguminoscB is specially noteTirorthy, as these are all plants which denve 
nitrogen from the air in quantity sufficient to cover nutrition (thus clover, 
though removing 13 — 14% of its weight in nitrogenous bodies, leaves the 
ground richer in N than it was before) with the symbiotic assistance of 
certain bacteroids, which develop tube-like processes that penetrate the 
root-hairs imtil they reach the root. To the roots they either transfer 
mtrogen which they themselves have assimilated, or enable the roots to 
digest it by stimulating the cells where “ hypertrophy ” has been set up. 
It is probable that the latter is what occurs, as there is strong microscopic 
evidence that the cells at that point are in a state of great metaboho 
activity Moreover, the sap in these active cells is alkaline, and this has 
been held to accord with a suggestion by Loew that, m presence of free N 
and an fllVali, living protoplasm can buhd up ammonium salts (nitrate or 
other). Tubercles, containing bacteroid colonies observable on the roots 
at these points, are marks of the transference having occurred. 

Whether asparagm be the actual amido-body which exists as the 
ultimate product of malt proteolysis or no, it has been found capable alone 
of aSordmg nitrogenous nutriment to yeast, and also of stimulating its 
fermentative action as distinguished from its reproductive function when 
added to normal wort. 

Asparagin (COOH . CH (Nh' 2)-CH2-(C0 NHa) when boiled with 

- — _ */'■' _ 

acids or alkalis is converted into aspartic acid (COOH — CH(1^2) — — 
COOH) and ammonia, and it may be noted that only the amido group 
(“ amidogen ”) of the amide is driven out of the compound thereby : the 
other amido group, contained in the hydrocarbon portion of the com- 
pound, is not disturbed. 

Another acid amide found in plants, glutamine, COOH.CH(NH 2 ) CH 
(OHj) — CO(hrH 2 ), is akin to asparagm, from which it differs in having 
an H atom substituted by “ methyl ” (CHg), It is very unstable, being 
more often indicated by a (probably) decomposition product, glutamic acid, 
in which one of the amidogen (NHg) groups is replaced by hydroxyl (OH). 

Recent experiments by Ivanhoff bear upon the synthesis of albumm 
from asparagm during fermentation In a non-mtrogenous saccharine 
wort the quantity of albumm m the yeast remained the same after as 
before fermentation, m spite of the fact that the yeast contained several 
simpler (non-albuminoid) nitrogenous bodies ; but if asparagin was added 
a quantity of albumin was produced from it. And in the case of pressed 
yeast, starved by immersion in water until it became charged with meta- 
bolic products, the quantity of albumm reconstructed only reached from 
40% to 60% of that originally present in the yeast. 

An accderating influence of asparagin on Amylase (the starch solvent) 
towards starch has been noticed, and has been recently attributed by 
Hffront to the presence of the amino group and not that of the amido 
group ; * in other words to the group in which amidogen (NHg) is bound up 

** Amides are a gronp of compounds derived from ammonia (KHi) ty replacement 
of part of the H by an acid radicaJ. Th^ are neutral to btmns, but act as bases towards 
aoids, forming salts with them. Boiled with eaustio potash, in water they give oS ISCRz- 
Amina* are compounds in which one or more H-atoms of NHs are replaced by an alkyl 
(hydro-carbon-radical or alcohol-radioal) ; they are primary, secondary, or tertiary, 
according as 1, 2, or 3 atoms are replaced. 
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-wifih the hydrocarbon portion of the compound, hecanse he found that this 
aoceleraUon ■was exhibited by aspartic acid, glj^ine, leucine CsH^oCNHs) — 
CO . OH, and other substances containing such a group, but not by 
sucoinamide (C 2 H 4 — COXHg — CONH 2 ), acetamide, and others which did 
not. The definite interest of this lies in the indication that the amino- 
acids exert a beneficial infiuence in the germination of starchy seeds, 
especially in the initial stages, -wher but little amylase is present. 

Differentiation of diSerent Nf-hodies. — These may be separated as 
follows from a solution (soluble bodies) : — • 

1. Coagulable (dbumen. Preoipitat^ by boiling i hour. 

2. Albumoses. Precipitated from the filtrate by zinc sulphate. 

3. Pepfonea. Precipitated from the filtrate of No. 2 by phospho- 

tungstic acid. 

4. Amides. Estimated hy boiling a filtrate from No. 1 with hydro- 

chloric acid for 1 hour, and then distiUing with caustic soda (c/. 
Kjeldhal’s method, p. 164, for reason of the distillation, and note 
on p. 160). Or if the total soluble albumen be determined, the 
difference between the figure obtained and the sum of 1, 2, and 3 
will give the amides ; but it must not be forgotten that these 
bodies contain a higher N-percentage than the proteids do 
(asparagine about 21 * 21 ® 0 ), so that the correct multiplier for the N 
obtain^ is about 4*7 instead of the usual 6 25 Bat the disso- 
ciated ammonia atoms exist in asparagine in the proportion of 
34 • 132 ; therefore multiplication of it by 3 8S2 should give the 
amides in terms of asparagine. The difference between the sum 
of 1, 2, 3 and 4, and a total mtrogen determination of a substance 
equal in bulk to that from which the solution was obtained (or 
comparable with it), will give the mtrogenoos bodies insoluble 
tcithin the conditions observed. 

Nh. A. H. Allen, referring to Schulze and Barbiere as recommending 
that the true soluble albuminoids should be distinguished from peptones, 
and these again from the amido-compounds. says For the qualitative 
detection of albuminoids the formation of a precipitate on adding acetic 
acid and potassium ferro-cyauide will suffice. For the precipitation of 
the albuminoids various reagents, such as ta nnin , feme acetate, cupric 
acetate, plumbic hydroxide, etc , should be employed on separate portions 
of the solution, the precipitate containing least mtrogen being considered 
that which represents the true albuminoids. The peptones, "which in 
nutritive value are equal, or nearly so, to the albuminoids " — ^more than 
equal as far as yeast alone is concerned — ‘‘ may be precipitated from the 
filtrate by means of phosphotungstic acid. The amido compounds which 
remain in the solution from which the proteins and peptones have been 
precipitated are typified by asparagine and glutamme, and may, if 
desired, be determined by boiling the solution "with an acid, and then 
estinia'ting the ammonia from 'the amount of gas liberated by sodium 
hypobromite.” 

To avoid any change of composition in the nitrogenous bodies during 
extraction, the same investigator recommends the extraction to be made 
first "with cold and "then "with hot water, or dse "vdth dilute alcohol. 

It is hardly to be supposed that these analytical niceties will he within 
the experimental limits, to which the average brewer must confine himself, 

Z3C. V 
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but our hope has been, by referring thereto to throw a little light on the 
diffiniilf. and complex, but most important bodies dealt with m the few 
preceding paragraphs. 

SolaUe ox Coagtdable Nitrogenous Bodies. — ^There is a tmidency to lay 
down arbitrary limits for these, but as we have seen (p. 21), they may 
vary with the Tnaabing conditions adopted for the same malt. Drinklage 
(re Lager Malt) holds that malt with 9% to 11% of protein content, 
calculated on the dry substance, should have the following proportions of 
soluble and coagulable nitrogen : 

Soluble N Coagulable soluble N. 

PaJe to light golden . 0*48 — 0 54% .. 0 11—0*13% 

Dark malt ... - . 0*39—0 48% .. 0*08—0*11%, 

the soluble N as proteins (mean) representing 3*26 and 2*7 respectively. 
Experiments by Bleisch and Schweitzer showed that the precipitates on 
boiling worts from the same malt, differently mashed, though with a 
finishing temperature of 167° Eahr. in both cases, vaned as Tx'th 

of the total albummoids. 

It will be instructive to append here two careful analyses by O’Sullivan 
of pale malt, as indicatmg the final modifications efiected by the malting 
process It is stated that every constituent was determined directly, and 
the closeness with which the totals approximate to a hundred speaks for 
the accuracy of the methods employed. 





No 1. 


No. 2. 

Starch. 



44*15 


46 13 

Other Carbohydrates (of wluoh 60%- 

-70% 




consists of fermentable sugar). 

Inulm (’) 




and a small quantity of other bodies 




soluble in cold water 



21 23 


19 39 

Cellular matter - . 



11 67 


10 09 

Tat . . . 



1 65 


1 96 

Albuminoids 






(a) Soluble in alcohol sp. gr 

820 





and in cold water . 


-63 


46 


(j 3 ) Soluble in cold water and at 





68 ° C . 


3 23 


3 12 


( 7 ) Insoluble m cold water 

but 





soluble at 68 °— C- 


2 37 

. 13-oa 

1 36 

. 13 80 

(5) Insoluble at 68°— 70° C 

but 





soluble in cold water 

( = 





albumen proper) 


*48 


37 


(c) Insoluble in. cold water 

and 





at 70° C* • • 


6 38 ^ 


8 49 


i^Asli •• ••• ••• 



2 60 


1-92 

Water 


- 

6 83 


7*47 




100-12 


99-76 


Topical Analysis of Malts. 

1. Biastatic Capacity. — Pale ale brewing under present conditions 

from 32° to 35° on Lintner’s standard. Mild ales and stouts 
23° to 28° on Lintner’s standard. When the same foreign malt 
is employed in the production of both bitter and mild alee, 
diastatic capacity should be 26. 

2. Tintometer Beading. — ^Under standard corulitioiis, pale ale 

malts 3*0 to 6*0 in 1 m. cell Lovibond, mild ale malts 7*0 to 9*0 
Lovibond — all in 52 series. 
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3. Ezizact. — This varies considerably and depends on the general 

quality of the season's barley, etc. The extract jield of mild ale 
malts, made from medium class barley, ranges from 90 brs.' lbs. 
to 94 brs ’ lbs , and for pale ale malts, made from superior types 
of barley from 95 to 98 brs.’ lbs. Barley of superlative quality is 
capable of yielding malt from 'which extracts of 100 bis.’ lbs. are 
obtainable. Foreign malts yield extracts of a much wider range, 
as low as 84 brs ’ lbs and as high as 92 brs.’ lbs. 

4. Soluble Albuminoids. — ^2 3°o to 2*5% 

5. Beady fomied Soluble Carbohydrates. — They occur in malt m from 

14% to 16°o Excess points to forced growth on the floors and 
loading to kiln prematurely or insufficiently wiihered "WTien the 
“ ready formed sugars ’’ exceed 16% bad brewings result Under 
10® o shows that the barley from which the malt was produced 
was insufficiently germinated. 

6. Moisture. — In samples direct from the kiln the moisture should not 

exceed l®t> If when stored some httle time, dependent on 
whether the malt is exposed to the action of the air or has been 
rendered as air-free as possible, the malt reaches a moisture 
content of 3® o. the material is regarded as having deteriorated, 
and it should be redned. When the moisture content reaches 
5®o> the malt is referred to as “ slack," in which condition the 
material is unfit for brewing purposes 

7. Arsenic. — ^Legal limit i ‘rth of a grain per poimd (for liquids I'.rth 

of a grain per gallon) Malts should not exceed - ’ -tli of a gram 
per lb 

8. Cold Water Extract. — 19®o 

9. Normal Acidity for Malts. — l®^ expre^^ed and calculatetl as lactic 

acid. 

Nitrogen, the characten-stic constituent of all these so called protem 
or albuminoid bodies, is a remarkable element Itself a tasteless, colour- 
less, and inodorous gas, and (under certain circumstances; a singularly 
inert substance — a species of cliemieal ballast, a> it were — supporting 
neither combustion nor life, and not readily combining with other bodies, 
it yet forms compounds of exceedingly powerful properties — viz , with 
hydrogen, the powerful alkaline base ammonia . ■with oxjgen and 

hydrogen, nitric acid , with excess of chlorine, a dangerous explosive, as 
it will indeed with many other substances.* 

Nitrogen in carbon compounds is estimated in various ways. One, 
known as the absolute method, consists m a combustion of the compound, 
mixed 'with copper oxide, in a tube, in which there is also a layer of copper 
foil, which of course becomes highly heated. All the air must be carefully 
exhausted before the operation begins, and at the end all the gases (which, 
if the substance contamed nothing beyond carbon, oxygen, hydrogen, and 
nitrogen, are only three in number, 'viz , CO 2 ; vapour of water, HgO ; and 
free mtrogen) are also exhausted. The water-vapour of course condenses, 
the CO 2 (carbon dioxide or carbonic acid gas) is absorbed on passing the 

* This malign readinesa may be amusingly illustrated by soaking a crystal of iodme 
in strong ammonia. The lodme, getting paaty, combines with the mtrogen of the 
to form nitrogen iodidei, which, as soon as it is dry, tnll explode with a loud report, almost 
at the lightest touch. 



164 


BIREWINa AND MALTING 


gases thiou^ a solution of potassium hydroxide (caustic potash), and the 
nitrogen, thus separated, can he collected and measured, and its Treight 
easUy cilculsted. 

The Soda>lime Method and Di. Graham’s Adaptation of Professor 
Waoldyn’s Ammnnift Ftocess for the determination of nitrogen are both 
described in the next chapter, with working details. 

Ejeldhal’s Method, of which there is more than one modification, is 
based upon the conversion of the organic nitrogen into ammonia by a 
treatment, which b^ins with heating a measured quantity of the 
powdered substance ("6 — 1 gramme) with a mixture of equal parts of 
concentrated pure sulphuric acid and Nordhausen (fuming) sulphuric acid, 
with the addition of one or two grammes of phosphoric anhy<Mde (PgOg), 
which must obviously be free from nitrous or nitric acid. At the end of 
the whole operation the nitrogen is determined from the ammonia. 

The heating (just short of boiling) is kept up for a varying period (i.e., 
nn-taT the mixture loses its dark colour, due to oaramelisation of the sub- 
stance, and turns yellowish or faintly red). Powdered permanganate of 
potash is then cautiously added in small quantities at a time, because the 
reaction is very violent — Cheating being temporarily stopped — ^tih very 
slightly in excess (shown by a greenish colour of the solution). This com- 
pletes the oxidation (nitrogen into ammonio sulphate). When cool, 
concentrated caustic soda (sp. grav. 1*3) is added in excess to decompose 
the ammonic sulphate, but carefully poured down the side to avoid loss 
of the ammonia which it liberates. The mixture is now distilled, with 
special precautions, which include the addition of a few pieces of zmo 
before the caustic soda, to prevent the violent bumping which would 
otherwise occur, and the ammonia which comes over is received into 
standard acid. At the close, when all the ammonia has come over, this 
mixture, in which Ihe acid is in excess, is “ titrated ” (as in the soda-lime 
process), and the ammonia estimated from the difference between the 
amount of acid before the ammonia was distilled into it, and that which 
remains after. The ammonia multiplied by gives the amount of 
nitrogen, which multiphed by 6*25 gives the latter in terms of albuminous 
matter. 

Certaia ofher tests, whidi are merely qualitative, ie., which only reveal 
the presence of such and such an element or compound, but do not give 
the quantity as a quantitative analysis does, may find a place here, 
instead of in the next chapter. 

Iodine added to a fairly cool solution of starch produces an intense blue 
colour (iodide of staroh, or, more correctly, iodised starch, the formation 
being apparently not a delate compound), which disappears on heating, 
it is supposed because the heated water takes up more iodine of which the 
starch is accordingly deprived, but which reappears on cooling (once). An 
aqueous solution of iodine is better than a tincture (alcoholic solution), but 
the iodine is very sparely soluble in water, until a crystal of pota^um 
iodide is added, wheienpon immediate solution occurs. With exythzo- 
dextriniodine gives a leddMi-brown colour, whioh tinges stacch-blue more 
or less violet when both axe present. The affinity of iodine being greater 
for starch than for erythro-dextrin, it is possible by the addition of a very 
little, and that dilate, iodine solution to cause the starch-blue to develop 
first and the redder coloration upon a furtlier addition of iodine. It is 
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further possible, by the cautious addition of very dilute ammonia to such 
a mixture, to cause the red-bro'wn coloration to disappear while the blue 
remains. Iodine is a very delicate test for starch, giving a bluish tinge 
even at such extreme dilation as one drop of starch paste in a q^uart of 

water, or putting it otherwise, a liquid containing its we%ht of 

starch-paste strikes a blue colour. With the £zuil, if there be a. final type 
of dextrin, known as achroo-dertrin — xmcoloured), no reaction 

is produced. 

But with wort, which is a composite fluid, the first drop or two of 
iodine solution may be decolourised (it should be added drop by drop if 
the wort be in a test-tnbe), therefore the operator must not draw hasty 
conclusions, hut should add sufScieut ioc^e for certainty. If, upon 
testing the wort some time before the copper lengtlis are secur^, the 
erythro-dextrin reaction appears, it will be wise to lower the sparging 
heats, for the reaction may soon be that of soluble starch. And according 
to Lintner, eiythro-dextrins are themselves liable to be thrown out of 
solution by the alcohol formed m the beer wherein they exist, and conse- 
quently a certain degree of haziness may result Matthews, however, 
disputes this view of Lintner s, holding that, when dextrins are precipi- 
tated by alcohol, they tend to agglomerate without causmg any trouble- 
some opalescence 

Nitntes (in Waterj. — “The best qualitative test for nitrites,’’ says 
Sutton, ‘‘ is to acidify the water moderately with pure sulphuric acid, then 
upon adding potassic iodide and starch hquor, the occurrence of the well- 
Imo'wn dark blue colour of starch-iodide reveals the presence of mtntes 
inamediately.” [This turns upon the fact that nitrous acid, set free from 
its compounds, the mtrites, by sulphuric acid, combmes uTith the potas- 
sium of the iodide hberating iodine to pro<luce its blue reaction with starch 
Ifote that potassmm-iodide, as suck, produces no blue colour with starch.] 

But a blank experiment with distilled water should be tried, to make 
sure of the purity of the sulphuric acid. 

Nitrates and Nitntes iu Water — ^The Indigo Test — Colour a httle of the 
water with indigo solution, then add twice the bulk of pure sulphuric acid 
(which sets nitric or mtrous acid free from their salts;. Then, if there are 
nitrates or mtrites present, the blue colour will be discharged ; in the 
contrary caise it will remain. The impoitance of having pure sulphuric 
acid, free from nitric acid, is again evident This test can be made very 
fairly quantitative by havmg the indigo solution (made by dissolving pure 
indigo carmine m distilled water) of such a strength that 10 c.c are 
decolourised by 10 c.c. of a standard solution of a nitrate — e g.y I'Oll 
gramme of potassic mtrate dissolved in a htie, of which 10 c.c. will contain 
•0014 gramme of nitrogen. Then if 10 c.c. be runinto a measured quantity 
of the water, anti the colour remains after the sulphuric a<nd is added, the 
quantity actually decolourised by the nitrates in the water can be ascei- 
tained by titrating back ” with the standard potassic nitrate. 

The nieiKfl>Si]]phcirie AGid*Test. — Water, evaporated just to dxyn^ 
in a platumm or porcelain dish, is treated with a solution (about one drop 
per O.G. of the water) made in the following maimec. To a small quantify 
of pure crystalline carbolic acid (phenol) is added four times its wei^t 
of pure and strong sulphuric acid. The mixture is then heated to boil- 
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ing for a few lamutes, cooled, and diluted with, half its bulk of pure 
water. 

The difib is then placed on the water-bath, again, wbereupon tihe mix- 
ture win acquire a violet-red colour if nitrates are present. With • 6 grain 
per gallon the colour is intense. [The phenol-sulphuric mixture should be 
k^t in a stoppered bottle.] 

Another Qualitative Test, operated upon the “ total solids ” of water, 
is given in the next chapter. 

Millfin ’g Reagent for Pioteins is made by dissolving quicksilver in an 
equal weight of nitric acid (of density 1*41), then gently warming and 
diluting the solution with twice its weight of water. There must be a 
trace of free nitnc acid. The liquid is to be decanted from the deposit 
which separates after standing for some hours. It colours protein 
bodies red. 

The Biuret Reaction for Peptone. — If a solution of peptone be made 
strongly alkalme with caustic potash or soda, and a few drops of an 
excessively dilute solution of copper sulphate be added, a beautiful rose- 
red colour IS produced. This reaction was at one time considered 
characteristic of peptone, but it seems to occur (with somewhat violet 
shade) with albununoids [The employment of a dialyser to separate the 
diffusible peptone from other non-dififusible albuminoids might make this 
test of value, but the writer has not tried it.] 

Iron, Test for. — ^Boil about 500 c.c. of the water and collect the deposit, 
in which all the iron precipitates as a hydrated oxide — ^ferric oxide — upon 
a fQter-paper, free from iron. Anything adhering to the boiling flask 
should be washed off with pure hydrochloric acid, which should also be 
used for washing the filter residue. If the filtrate now contain an iron-salt, 
there will be, on treatment with potassium-ferro-cyamde (yellow prussiate 
of potash], a marked precipitate of Prussian blue. 

Or add 2 c.c. of mtric acid and 1 o c. of ferrocyanide of potassium to 
100 c.c. of the water , whereupon m the presence of iron the usual blue 
colour will be produced. It may be advisable to boil the water with the 
mtric acid to ensure solution of the iron before adding the ferro-cyanide. 
This test also may be made quantitative by having a standard solution of 
iron, and comparing the colour given by it at various dilutions on addition 
of the ferrocyanide of potassium with that given by the water actually 
imder examination. Two Nessler tubes on a white tile should be used 

Oiganic Matter in Water. — ^Evaporate a portion to dryness m a 
platinum dish (70 o c. wdl do). When dry, hold over the fliame of a 
Bunsen burner If the residue becomes charred it is a sign of the presence 
of organic matter, more or less according as the charring is considerable or 
slight. Watch closely for maximum charring (brown colour), as it goes 
off on further heating. 

Alcohol, Iodoform Test for. — Add to the liquid which is being examined 
a little iodine solution and a little potash solution ; on warming gently, a 
yellowish turbidity appears, and crystals frequently separate out on 
standing. This substance is iodoform, which is insoluble in water. The 
reaction is so extremely delicate that by it 1 part of alcohol in 300,000 of 
water can be detected. Concentration of the alcohol by fractional 
distillation has even enabled a millionth part of alcohol to be detected. 
Optical Activity — Polariscope — Pblaximeter. — As the expressions 
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“ optical aetirity," “ angle of rotation,*’ etc., may he occasionally used 
and are frequently to be met with in papers dealii^ with brewing from a 
scientific point of view, a brief account of the polariscope or polarimeter 
may stand here. But we shall have to confine such directions as are given 
to the " half-shadow' ” polarimeter, giving an angle easily calculated, as 
described on p. 16S, into the [a]n opticity ; although, for the sake of 
companson, both the [a]n and [a]j of certain pure substances are placed 
side by side on p. 16S. 

The action of the polarimeter is based upon the fact that certain sub- 
stances, or solutions of them, have the property of causing certain optical 
alterations in a ray of polarised light passing through them, the correction 



Half Shadow PoUnmeter aith Lippch Polariser. 


of which by means of a mechamcal adjustment (a milled head actuating 
a wedge-shaped piece of quartz which is fitted with a scale that moves with 
it), fin d then a comparison of the movable scale called the vermer with 
fixed scale enables the observer to measure the angle of rotation, 
and classify it either as a nght-handed ( -r) or left-handed (— ) rotation. 
Albuminoids have a Isevo ( — ) rotatory power. 

Without entering too far into detail, it may be said that the polari- 
meter (of which there are various makes) consists generally of a long 
telescopic arrangement, capable of being accurately focussed so as to get 
a sharply defined “ field,” and placed horizontally with a lighted lamp at 
the end. In the centre is a movable tube 100 mm. or 200 mm. long 
(according to the density of the solution) for containing the fluid to he 
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esamiaed. Two Nioors prisms,’ known respectively as the polariser and 
antilyser (made, in a special way, of the crystal known as Iceland spar), 
are on either side of the movable tube ; also there is a plate of double 
quartz (i.e., made of two qualities of quartz, having the one a right-handed 
and the other a left-handed rotation) towards the lamp-end of the appara- 
tus, while, towards the eyepiece end, are first (nearest the movable tube) 
a plate of left-handed quartz, then, nearly adjoining it, a plate of right- 
handed quartz, divided diagonally, and so disposed that while one of the 
divisions is fixed, the other can be moved upwards or downwards by the 
milled head mentioned in the last paragraph, and thus the thickness of 
right-handed quartz in the line of vision be increased or decreased. 
Obviously, if it has to be mcreased in order to correct the optical disturb- 
ance produced by the contents of the tube, then the latter have a left- 
handed rotation ; if the thickness has to be decreased a right-handed one. 
The rotatory power of certain pure substances is ’ — 



Angular reading in S-decimetre 
tube given by 1 gramme per lOO c c 

86 

[a]^ 

Dextrin 

3 90 

196-0 

216-0 

Maltose 

2-71 

136-4 

160-0 

Cane-sugar 

1-33 

66-6 

73-8 

Dextrose . 

1-06 

62-9 

58-6 

Levulose 

—1.91 

-96-6 

— 106-98 

Invert sugar 

-0.43 

-21 3 

— 23-6 


N.B. — ^Prof . Ost, however, considers the rotatory power of maltose to 
be -h 136‘5 at least. Brown, Morris, and Millar make it [a]„ -j- 137-93, 
and [a], -f 163 26 for solutions up to 26% O’Sulhvan, using solution 
factor 3*96, gets [a]j 154 (and later 165*16). Here the phenomenon of 
Biioiatioa (varying opticity) of certain carbohydrates may be noticed. 
Thus a freshly prepared maltose solution shows rotatory power much 
below the norm^ (^ough boiling, or the addition of -1% of alkaH — e p., 
ammonium hydrate — ^brings it right at once), whilst that of dextrose 
decreases. 

Briefly, the modus op&randi is as follows : — The polarising end is 
placed close to the lifted lamp or electric light ; the arrow of the vernier 
moved exactly to the zero of the graduated scale ; the 1- or 2-decimetre 
tube filled with distilled water and placed in position, and the fact ascer- 
tained that the field is equally illuminated all over, or, if not, brought to 
that state. The tube is then filled (the I-decimetre for da-Tker coloured, 
the 2-deoimetre for colourless solutions) with the solution, decolourised and 
clarified, if needful, as below, at 60° Fahr. ; replaced, and the field again 
observed. If the left half -disc appears darker, the vernier arrow must 
be rotated to the right, and wrsd^ until the field is equally illuminated 

again. The angle in^oated by the arrow of the vernier upon the outer 
scale is noted, and the calculation proceeds. '*‘We will assume that a boiled 
copper-wort is being inspected, and that the specific gravity = 65°, and 

* OBtidiv of Brewery Wort — ^Atoat 6 c.c. of wort axe taken SO mimtes after tap- 
settiDg. Tlus is diluted with oicbnaixy tap water, or distilled water, and made up to 
about ISO 0 . 0 . A small quantity of moist alumina is added and the whole boiled up. 
Allow to cod and then filter. Take the apeoifio gravity of the filtrate by means of the 
speoifio gra-vity^ bottle. 7^e a one dia..tabe and dean. both, glaasei^ swill out with 
water, fill up with filtrate^ insert tube in Polaaeimeter and observe rotation. 
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tlie observed, angle 15 o~- The specific gravity -i- 3 86 (= gravity giyen 
by 1 gramme sugar in lOO c.c. of water) gives percentage of total solids. 
TKen 


55 

3-86 
15-5 X 


= 14-25 (grammes of total solids in lOO c c.), and 


100 


14= -25 


IDS -S, tlie optic ity or [a]» of the -wort. 


Aooording to IMr. Heron, the [a]^ of a wort shonld not be less than 105 
or exceed 122- 

To Decolourise and CHaziSy. — Add a drop or t'wo of a saturated solution 
of basic acetate of lead to about 100 c.c. of the wort, and, having gently 
shakien ox stirred tbe mixture, add twice the quantity of alu m i n a cream.” * 
to complete darification and precipitate excess of lead. Pilter, and cool. 


* ^IriTnina. Creaxxu — To prepare tins, shake np commercial alum with nter at ordin^y 
temperature until a saturated solution is got ; set aside a little of this, and to the residue 
a.dd ammonia, little by little, and stir until tlie mxsture is alk al in e to litmus paper ; tiien 
add drops of the portion set aside tmtil the mixture becomes just acid to litmus paper- 
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BsSSNOXAIiS OF A LiABOBATOHY ^ThE BrBWER- AnALYST’s LIMITATIONS MbTRIC S YSTEM 

OF Weights and Measures — Afpakatcts and Reagents Required — ^Peefakation 
OF Apfaeatos — ^Febxing’s Solution — ^V oLiXMCBTitio and Geavtmeteio Methods 
— ^Testing Qlxjcose (Invert), Oane-Stjgah, Malt — ^Normal or Standard Solu- 
tions ^HlQUrVALENGE ALBUMINOIDS BY AmMONIA PROCESS SoDA-XaME PROCESS 

— ^Dxastatzc Activity of Malt — Beer Analysis — Original Gravity by Dis- 
tillation AND Evaporation — ^Dry Extract, Acidity, etc. — ^Water Analysis — 
Combining Results — Soap Test — ^Free and Albuminoid Ammonia — Oxygen 
Processes — Hors for Sulphur — Constants — Standard Solutions. 

A BOOM 'With gas and electric light available, and water laid on, and with 
ready means of conveying the latter away when running in a continuous 
stream for cooling ; a plain wooden working bench 2 feet 6 inches wide 
and 3 feet high, with cupboard underneath to hold the larger apparatus 
and shelves above for the reagents ; an earthenware tank (to resist acids) 
let in Hush with the top of the bench, and which may be procured, of 
Doulton^s make, for 10^. or 12s. , a separate shelf, free from vtbration^ to 
stand the balance on, is all that will be absolutely necessary beyond 
apparatus and reagents for the performance of any of the tests or analyses 
refeired to in this chapter. 

The gas should be conveyed along a pipe running just above the 
working bench or table, and below the shelves , and the pipe should have 
three or four small straight-nozzled taps, on which india-rubber tubing can 
be slipped and permanently kept to connect tbem with the Runsen 
burners There should also be a gas-burner of the ordinary type, but with 
its bracket fixed a good deal lower than is usual — within each reach of 
both hands together, for the purpose of bending glass tubing and rounding 
rough edges 

It is advisable to have good ventilation and a fire ; and where experi- 
ments with sulphuretted hydrogen or chlorine are likely to be performed 
there should be a separate chamber (one 2 feet by H feet will do) with 
glass doors, and connected by a pipe to the flue of the fire. But these are 
outside the range of the modest experimenter, who hmits his inquiries to 
pomts practically connected with brewing 
These points will be — 

Analysis of sugar (glucose, invert, etc.). 

Analysis of malt (determination of extract, diastatic value, acidity, 
albuminoids, etc.). 

Testing hops for sulphur (here the sulphuretted hydrogen evolved 
requires no special precautions). 

determination of original gravities of beer (either by distillation or by 
the evaporation process). 

Analysis of water (determination of free and albuminoid ammonia by 
Professor Wanklyn’s process ; and possibly the amount of oxygen 
required to neutralise organic matter) ; determination of total solids ; 
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haidnfiss, before and after boiling ; proportions of carbonates and snl- 
pbates of lime and magnesia, of chlorine (generally combined as chloride 
of sodium, or common salt), and, if time allow, of the alkalies. 

Further than this the amateur can hardly be expected to go. Indeed, 
the operative brewer will not easily secure the freedom from mt^nxiption 
which even the comparatively simple water-analysis referred to demands. 

The Metric or Decinial l^stem of We^hts and Measnres offers such 
obvious advantages in the w'ay of rapidity of calculation and absence of 
confusion arising from ambiguity of wei^ts of the same denomination,* 
that it is now generally adopted Only in expressing the saline con- 
stitnents of water it is most convenient to express them in grains 3 >er 
gallon ; but even here an easy decimal relation enables the metric weights 
and measures to he used. For instance. Professor Wanklyn recommends 
70 c.c. (cubic centimetres) of water to be operated on. This quantity 
(flasks, marked to measure it, can be obtained) contains 70,000 milh- 
grammes, or exactly the number of grains which a gallon of water con- 
tains ; so that the result obtained w'ith it m milligrammes is exactly 
equivalent to grains per gallon, and may be expressed as such without 
alteration And if this quantity should appear too small for any deter- 
mination, it is a simple matter to take any multiple of it, dividing the 
result obtained by that multiple 

Note, that the Greek-derived prefixes deka-, hecio-, ktlo~, and myria-j 
are used for the multiples of metres, litres, and grammes, while the 
prefixes of Latin derivation, deci-, centi-, and milli-, are used for decimal 
parts of them — e g , a kilogramme = 1,000 grammes , a milligramme = 
001 gramme. 

A litre (= 1 76 pint), a name given to the cubic decimetre, contains 
1,000 e c One c.c. of distiUed water at its greatest deru^ity, 4®C. (about 
39° Fahr.) = 1 gramme In practice 1 c c. at ordinary temjierature is 
taken = 1 gramme ; then a litre is reckoned as containing 1,000 grammes 
or 1,000,000 milligrammes, and use is made of this in determining 
“ free and albuminoid ammonia,’* which is stated in parts per miHiu/i — 
i e , the number of miUigrammes found when a htre of water is 
operated on. 


Set of Apparatus and Reagents for Brewing Laboratory. 


1 doz Petrie Dishes 

3 Large Glass Cylinders, 500 
graduated 

3 Mash Flasks, graduated at 515 c c 

1 Hot Water Oven complete with 
burner and stand 

3 Hydrometer Tubes 

2 lbs Assorted Qlass Tubmg 

1 Revenue Still, Dr. Thorp’s. 

1 Seed Germination Apparatus for 
Barley. 

1 Govemzuent pattern Arsemc Testing 
Apparatus. 


1 doz Tubes for same. 

1 pkt Filter Papers 
1 Retort Stand with nngs and clamp. 
1 filter Stand for two funnels 
1 Hydrometer 1,000 to 1 .500 
1 set of 4 Beaume Hydrometers. 

1 Glass Syphon with suction tube. 

2 Glass Saccharometers. 

1 Copper Forcing Tiay. 

2 doz Yeast Forcing Flasks for same. 
1 Aspirator, 3 Litres with stopcock. 

1 Graduated Cylinder 1,000 c.c 
1 Rot Air Drying Oven and stand. 


(a) ApPAEAxrs 
e.e. 


* E g., tbe lb. Avoirdupois is heavier than the lb. Troy ; but its ounce is lighter than 
the Troy ounce. 
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1 Bussea Burner 'with rose top. 

1 Ordinary Desiccator. 

1 Vaoaum Desiccator. 

1 doz. E'vapoiatiDg Basins, assoited. 

I piece Plalinum I^oil 1" x 1". 

1 doz Beakers with spouts, assorted. 

4 Glass Evaporatmg Basins. 

1 pair Adjusted Watch Glasses 
3 Glass XHumels, small. 

1 Large ditto. 

2 Stoppered Masks, graduated 1 Litre 

2 ditto 500 c.c 

1 ditto 250 c.c. 

1 ditto 100 0.0 

1 ditto 50 c>o 

1 Burette, lOO c.c in Ith'with stopcock. 

1 Burette Stand. 

2 each Pipettes 100 c.c., 70 c.c , 50 c c., 
26 0 . 0 , 20 c.c , 10 c.c., and 5 c.c. 

1 Pipette 2 c.c for nesslenzing. 

1 Pipette, 10 c.o. graduated m tVth o.c. 

2 doz. Test Tubes 6" xf 

1 Test Tube Stand 'with holes and pegs. 
1 Liebig Condenser 45 cm. 

1 Stand for ditto. 

1 Quire Thick Grey Miter Paper 
100 Swedish Miter Papers 
3|Boihng Masks, 1,000 o o. 

1 Specific Gra'uity Bottle and counter- 
poise 50 Grm. 

12 ft. Black I B. Tubing for gas 

3 Boiling flasks 500 c.c 

3 ft. Assorted I.B. Tubmg for con- 
nections, etc. 


^ lb. Glass Bod for stirrers, etc. 

1 set of Cork Borers. 

1 each Mle, triangular and rat-tailed 
1 Becker’s Balance sensible to 1 milh* 
gramme. Agate kniTes and planes. 

1 set Weights for ditto. 

2 Nessler Glasses 50 c.c. 

1 Betort, 500 c.o. tubulated. 

1 Betort Stand with ring for abo're. 

1 White Glazed Tile. 

2 Tmned Iron Sand Baths. 

1 pair Gunmetal Crucible Tongs. 

1 set Wood Blocks for supporting 
apparatus 

3 Wmohester Quart Bottles. 

2 Squares Iron Wire Gauze. 

2 Water Baths, copper. 

2 Tripod Stands. 

j doz. Assorted Pipeday Tiiangles. 

1 doz. Assorted Bubber Corks. 

4 doz. Assorted Corks. 

1 Mortar and Pestle, stoneware. 

Additional Apparaiua. 

Polaiimeter, S & H J shadow, 2 pnsms, 
Xappich model 

1 Microscope and Objectives, J'' and Y'. 

2 Heaison’s Incubators 25° C. and 
37° C. 12" X 12" X 14" 

1 Lovibond Tintometer Set Sa 
1 Seek Mill. 

1 Platinum Dish 1 1" diameter, 25 c c. 
capacity. 


(6) Rbaoents.* 


Fotasaiam rerxoo 3 ranide, pure. 
Acetic Acid, g^ial. 

Animal Charcoal. 

Lead Acetate, tri-basic. 

Bed and Blue litmus Papers, 
latmus solution. 

Sulphuiio Acid, pure for analysis. 
Hydioohloiio Aad „ „ „ 

Mitrio Add „ ,, „ 

Ammmua *880 pure. 

Dednoizual Ammoma. 

Sodium Carbonate, reciyst. 
Caustio Soda^ pure stiolte. 

Causiio Pota^ ,, „ 

CaJeinTn Ohloiide, pure. 
Coohmeal. 

Alcohd, absolute. 

Methylated Spint. 


lodme, recr^Bt. 

Potassium Iodide. 

Indigo Solution. 

Copper Sulphate, reciyst. 

1 lb. Bochell Salt 
1 lb. Mercury perobloiide. 

1 lb. Ammonium Chloride, pure. 

1 oz. Silver Mtrate, xecryst. 

1 lb. Potassium Ghiomate, pure. 

1 lb. „ Permanganate, pure 
cryst. 

Oxalic Add, pure 
Ammonium Oxalate, pure. 

„ Carbonate, pure. 
Banum Chloride, pure. 

Iron proto sulphate, pure. 

Sodium Ani«,lg «.Tn- 
^buc. Arsenic free. 


Mie above apparatus and Beagents packed m case complete £41, and can be 
applied by Messrs. Townsou & Mercer, L'td., 34, Camomile Street, E.C. 3. Any 
item included in the above list can be omitted, and others substitated. 

* Beagents are of course induded in the price given. 



TSE LABORATORY 


173 


Pteparaiion o£ the Apparatos.— Fit the \rash-bottles with corks boxed 
with two holes, through which bent glass tubes are to be passed ; one 
short and bent at a wide angle passes just throu^ the cork, the other bait 
at a sharper angle has the end of its shorto: limb contracted nearly to a 
point, wl^ the longer strai^t limb passes through the cork and nearly 
to the bottom of the flask. [Glass tubing is bent by holding it, a hand on 
either side of the flame, in the upper part of a gas>jet, and turning it round 
all the while to get it softened uniformly. Then by g&nfU pressure it can 
be bent at any required angle. A pointed end is got by softening as before 
described, and moving the two hands wider apart. A nick with a file 
where the tube is drawn to a very small bore will enable the operator to 
break it at the desired place, as it will enable him to divide all other glass 
tubing of moderate size. IRough edges may be filed, and made smooth 
in the gas-jet.] 

If then the flask is filled with distilled water and the cork with its tubes 
fitted closely, upon blowing through the shorter tube water is driven out 
of the pointed tube in a fine spray, just adapted for washing filter residues. 
Arrange the drying-oven, llie cheaper japanned sort has three movable 
l^s. Fit a perforated cork into the small opening and fis your ther- 
mometer (graduated up to 300° C ) firmly in the cork, so that the quick- 
silver end is in the interior of the oven. 

Shp one end of convenient lengths of vulcanised tubing over the 
straight-nozzled gas taps, and the other over the inlet pipes of the Bunsen 
burners. CNT-B — ^If the tubing be a shade small for shpping over readily, 
wetting the pipe will facilitate matters ) Get the d^ccator ready. If you 
have the cheapest form, which, except the cover, is moulded in one piece, 
place a few bits of pumice-stone in the lower portion, and pour in sulphuric 
acid enough to nearly cover them [The sulphuric acid absorbs moisture 
greedily, and therefore keeps the desiccator dry ] Fit on the perforated 
zinc on which your glass pan or platinum dish ifs to &tand, and smear a 
little lard round the finely ground edge on w hich the cover fits . Tins will 
keep the cover from slipping, and make the mterior perfectly air-tight. 

Put the balance on its special shelf. If one of Becker s cheap balances 
(turning to a milligramme), which are quite good enough for the student- 
operator, be used, a rectangular glass case, procurable from an operative 
bird-stufier for about 15s., will protect it as well as the expensive balances 
are protected by their specially made cases. The setting-up and adjusting 
of the balance (by the little screw disc at one arm) must be learnt from 
some one who Imows how to do it, though the task is simple enou^. 

Before proceeding to actual work, it is necessary to get the wei^t of, 
or “ to tare,” (i) the two or three glass basins which will be used ; (ii) the 
plfl,f.iT>p Tri diab, which will be used for igniting residues ; (lii) the specific 
gravity bottle — ^filled with water at 15*6° 0. (= 60° Fahr.), under which 
oonditaons its contents are supposed to wei^ 60 grammes, but are seldom 
exact. [The counterpoise = wei^t of bottle, is put in scale-pan 

with the wei^ts.] 

Tbft g1».sa hfljnna and plaimxcuxL dish must be previously dried in the 
drying-oven at 100° 0., and xmt without loss of time into the desiccator 
to cool, and the weighixg quickly done. us assume that glass pan 
UTo. 1 (scratch the filgoie on it with a file) weighs 27'922 grammes (i.c., 
27 grammes and 922 milligrammes), that glass pan No. 2 weighs 23*203 
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grammes, the platinura dish 14*216 grammes, and the 'vrater-fiUing specific 
gravity bottle 49*983 grammes. 

We wiU now suppose the student with all his apparatus and reagents 
carefully arranged to hand, in strict attention to Sir H Boscoe’s dictum 
that he vrho works in a mess will freanenily have his mind in a muddle.” 

The first thing to do will be to make the copper-sulphate solution 
known as I^ehling’s Solution or Fdding, which is more satisfactory tban 
buying it ready-made,* though it can be so procured from any dealer m 
chemical appliances. Decimal weights and measures are used t^oughout, 
as more convement and easy. 

Fehling’s Solniion is the test-reagent for glucose and maltose ; its use 
depends on the fact that, though it can be boiled alone without undergomg 
change, yet the addition of a trace of grape-sugar is enough, upon warming, 
to precipitate from the bhie solution a portion of the copper as protoxide — 
Cuprous oxide CujO — and the larger the amount of grape-sugar added, up 
to a certain point, the greater wiU be the amount of copper precipitated, 
tin a point is reached when all the blue colour derived from the sulphate 
IS gone, and all the copper lies at the bottom of the vessel as a red 
precipitate. 

It is prepared as follows, the ingredients being — 

34*64 grammes sulphate of copper 
173 „ BocheUe salt (sodium potass, tartr ) 

60 „ caustic soda 

Crush rather more of the sulphate than is likely to be required, and dry 
between blotting-paper. Dissolve the salts separately, and mix after they 
are dissolved, adding the caustic soda last Make the whole up to 1 litre. 
(N.B — ^The nng scratched round the neck of the flask a short distance 
below the stopper is the mark up to which the flask is to be filled. Use 
distiUed water ) [Or where the test is infrequently used the solutions 
may, to avoid deterioration, he made up separately, the copper solution in 
one 600 c.c . measure and the Rochelle salt and caustic soda in another, and 
carefully mixed in equal quantities as required. Allen advises, as render- 
ing the solution more permanent, 180 grammes of Rochelle salt and 70 of 
caustic soda] 

Then 10 e c. of this solution corresponds to *05 gramme of glucose ; that 
is to say, if such a quantity of any saccharine solution as contains 06 
gramme of glucose be run gradually into a porcelain dish, already con- 
taining 10 c.c. of Pehling which has been raised to boiling point (over a 
Bunsen, with or without a sand dish) and be stirred meanwhile with a 
glass stirring rod, the mixture being still kept boiling, the strong blue 
colour of the Fehling will disappear, and the liquid become clear as water, 
or nearly so, hut with a red precipitate of cuprous oxide (OujO). A 
yellowish tinge is a sign that too much of the sugar solution has been run 
m (the caustic soda gets to work when aU the copper salt is precipitated), 
but if the exact point at which the blue disappears be read off (the 

* Kote that tlie solution must be kept away from the air and light, otherwise it is 
liable to undergo a change which makes it nntrastworthy. On this account old Fdilmg 
shoidd be tested by dilutiiig a small quantity with its own bulk of water and beating to 
boding for a few xninxites- It ought to remain perfectly clear. 
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saccharme liquid is run in from a burette * graduated into c.c. and tenths 
of a c.c.)> it is manifest that the percentage quantity can be readily 
calculated An example or two will make this clear. 

First of all, however, it is advisable to test the correctness of the 
Fehling itself. This is done by taking some of the purest cane-sugar that 
can be got (that which is sold, or which used to be sold, as Fnizel’s crystals), 
of which 2*5 grammes, dried moderately in drying oven, is dissolved m 
about 200 c.c. of water and boiled for one hour with 2 c.c. of purest hydro- 
chloric or sulphuric acid, which is afterwards nearly neutralised (i.g., so 
that it will only very faintly redden blue litmus paper) with carbonate of 
soda or with standard potassic hydrate (caustic potash), and fbrally made 
up to a litre. 

Suppose the burette filled with 100 c.c. of the above now inverted sugar- 
solution, 10 c.c. of Fehling (it is sucked up into a 10 c.c. pipette, so as just 
to come up to the mark round the upper stem) is placed in a porcelain dish, 
which is then heated over a Bunsen burner. A small quantity of the 
sugar solution (about 2 c.c. at a tune to begm with) is then run in and 
boiled, the mixture being stirred all the while. When the blue colour 
begins to get famt add the sugar solution drop by drop ; finally when the 
colour is gone and the deep-red cuprous precipitate lies at the bottom of 
the dish, read off from the burette the quantity run in Suppose this to 
be 19*1 c c. Then the calculation will be as a Buie of Three sum. 

19-1 : 40,000 : : -05 = 104 712 

[40,000 = 1,000 (c c ) X 40 to bring the 2 5 of sugar up to 100 grammes 

m order to get percentage ] 

Then it wiU be necessary to subtract 5% (= 5-235) from this because 
100 parts cane-sugar = 105 parts glucose 

104 712 — 5 235 = 99 477® o of cane-sugar in the sample, a liigh but 
very probable percentage. Wherefore the Fehling may be taken as 
correct 

Folumetric and Gravimetiic Methods. — The above, or any analyssi's of 
glucose, invert-sugar, etc , conducted on similar lines is known as the 
volumetric method Another method, as follows, is known as the gravi- 
metric method. 

About 30 e c of Fehling is added in a beaker to 50 e c well-boiled and 
boihng water [it is well to have this beaker within another beaker of 
boiling water]. Then a known volume of the glucose-containing liquid, 
but not enough to discharge aU the blue, is added, and the boiling con- 
tinued for 12 to 15 mmutes Then the precipitated CugO is quickly 
filtered, washed with w-ell-boiled water, dried and ignited in a porcelain 
crucible with the fiOlter-paper j for 20 minutes. The igmtion should 

* A burette is a rather long tube of stout glass, stoppered at the top and with a glass 
cock at the bottom, capable of letting out the contents drop by drop. It contains lOO 
c.c. of flmd, and is graduated in front, so that the number of c c. ran out, or any fraction 
of one, be easily read off. It is placed in a Tertical posiuon on a simple stand m front 
of the operator. The cock of glass, well ground in, can be treated with a httle lard to 
make it quite watertight, if necessary. 

t It is needless to say that the ash of the filter-paper should he taken into account 
(taxed). Half a dozen or so of the kind and size used may be igmted smd the ash carefully 
kept and weired. The total divided V ^ raa-j be recorded in the note-book 

on some page easily i^Ksred to, with taxes of i m other thmgs (e p., platinum dish, specific 
gr a v i ty bottle, glass evaporating basins) frequently used. 
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convert the OU 2 O into black cupric ozide CuO, -which is .then cooled in the 
desiccator and quickly weighed, as -the oxide is very hygroscopic. The 
CuO found multiplied by *4535 will give -the quantity of glucose in the 
quantity of -the solution which was added. 

The factor for ame-mgar, after inversion, is ‘4308. 

But if the ignition is ordy enough to bum the filter-paper without 
converting the Cu^O into CuO -the factors employed should be *5042 for 
glucose, and *4700 for sucrose (oane>sugar) after inversion. 

'Want of ^ace prevents any gravimetric calculations being appended, 
but the student wdl be able from the above date to make his o-vm calcu- 
la-tions ; he -wdl find it instmctive to check his results got by volumetry 
by those that the gravimetric method gives him. 

Esunination of Commercial Gllocose (or Ihvert-sugax). — ^Dissolve 
2‘5 grammes in 600 c.c. water (= 100 grammes in 20,000 e.c., which will be 
the middle term of -the first Rule of Three sum below). 

There -\dll be two separate determinations (a) to determine the 
percentage of existing glucose ; ( P) to determine -the dextrin. 

(a,) Boil 10 c.c. of Fehliug over a Bunsen as before, and run in solution 
as previously directed from the burette. Then suppose it takes 15‘2 c.c. 
to just precipitate aU the copper. The calculation -will be — 

16-2 • 20,000 ::05:x 

20,000 X -05 -oo/ , , . , 

16‘2 ~ 65*78% of glucose m sample. 

Preparatory to determination p 200 c.c. of the above solution is taken, 
and with addition of 4 0 c. sulphuric acid boiled for 3 hours. 

It is -then cooled and made up to 250 0 . 0 . at 15‘6° 0. (= 60° Fahr.). 
Consequently, in the second solution the ^ucose -will be dissolved in -the 
proportion of 100 grammes in 25,000 c.c., which number will accordingly 
be -the middle term. 

As before, 10 c.c. of Fehl i ng is boiled, and -the solution run in from the 
burette. Suppose it -takes 16 7 0 . 0 . to neutralise this time. The caJcula- 
tion will be — 

16*7 : 25,000 : : *06 
J pg = 74-85. 

16*7 

74-85 — 65-78 (ascertained glucose) = 9*07, but from this 10% has to 
be deducted, viz., -907 (because 9 parts dextrin = 10 glucose), which 
leaves 8*16. 

Consequently the bre-wing value of -the commercial article appears to 
have been 

Glucose 65*78% 

Dextrin _8*16% 

73*94% 

•iihqi.TirifUfttton of Baw OT Refined Cane-sngar. — Two grammes of cane- 
sugar are dissolved in 100 0 . 0 . wa-ter, and boiled for 1 hour -with 2 c.c. strong 
sulphuric acid to invert it, and made up to 500 c.c. (the acid ^ould be 
neutralised). 
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Suppose it takes 12’3 to precipitate the Cu 2 ^ (1^ of Feliling to be 
used as before), the caloulatiou irill be “ 

12 -S ; 25,000 ; : *0475 - 95. 

Deduct because 95 parts'' ^ 

cane 100 invert j ^*25% of cane-sugar in sample 

Deiennination hy Optioity. — Ten grammes sugar are dissolved in 
100 c.c. u'ater, and the solution polarised at 60^. Suppose the observed 
angle = 6’4for tiie 1 -decimetre tube ; then 6*4 X 100 10 = 64 [a]o of 

smnple, and 64 X 100 -i- 66*3 ([a]„ of pure cane-sugar) = 96*24% of cane 
in sample. 

[But note that very many samples of raw cane-sugar contain con- 
siderable quantities of invert, to determine which a prelinunary trial with 
I'^iling, before boiling with acid, is to he recommended. For inverted 
cane-sugar the third term is *0475 instead of *03 as with dextrose.] 

DifELcolty of dedding i£ Qcuntity has been run in. — Muddiness, 
or dull greenish colour, due to impurities, may make it hard to decide if 
enough saccharine solution has been run in- The usual way of ascer- 
taining if any unaltered cupric salt remains is to filter some of the mixed 
fluid into a beaker (previously washing filter paper or Alter with hot water), 
acidify with a few drops of acetic or hydrochloric acid, and add one drop 
of potassium ferrocyauide. A more or less brown coloiir will show if any 
cuprio salt (msufiflcient saccharine solution) remains. Ling and Rendle 
now recommend ferrous thiocyanate as indicator (one drop on a white slab 
to a drop of unfiltered solution), any cupric salt oxidising the ferrous one 
to feme, and giving the red colour of feme thiocyanate. Evident advan- 
tages are speed and avoided risk of cuprous oxide in the filtrate being 
oxidised to cupric, and so giving false indications. 

Opticity (ref. Polarimeter, pp 166 — 169). — ^Determination of this by 
a half -shadow instrument, which gives best results with a solution having 
a gravity of 1040 at 00'“ Fahr , though the error with higher gravities is 
said to be slight, affords a close indication of the composition of a sugar, 
eg — 

Took solution of “ invert,” having a gravity of 1057, 

, . = 14*76 grammes of solid matter in 100 c c 

3 8d 

Observed rotation fin 1-decimetre tube) *= — 2*2 
14*76)-220 (le, 2*2 X 100. 

14*9 = [a]i> or opticity of sample. 

But the [a] of absolute invert =* —21*3; therefore 
21 *3 — 14*9 = 6*4 deviation due to cane (or residues expressed 
as cane-sngar) 

Then — 21*3 to 66*5 (the [aj, of cane-sugar) = 87*8. 

640 

87^8 ~ 7*28 percentage of cane, etc., in sample. 

n y^ 'n g TWTftlt for lUEalit^ and Dextim. — The method of Dr. Graham, 
which consisted in expressing all bodies having an immediate reducing 
action in terms of maltose, and all increase in reducing power consequent 
upon boiling with acid in terms of dextrin, has been criticised by lUfessts. 
Morris and Moritz on grounds which must be admitted to have wei^i. 

(1) No previous estimate being made of the leady-foimed sugars, 
consisting partly of non-reducing cane-sugar and partly of two different 

PJC. X 
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reducing sugars, it follows that the two latter, althou^ they have distinct 
reducing powers (maltose *0807 = 10 c.c. Fehling, dextrose -06 = 10 c.c. 
FehLing), are both estimated as maltose. 

(2) Upon boiling with acid, the cane-sugar existing in the malt is 
inverted at the same time as the dextrin is converted into dextrose, so that 
its product goes to swell the calculated dextrin total ; and a further error 
IS introduced by the assumption that the ireduotion is due to dextrose 
alone, whereas it is partly due to invert, wdth, as we have seen, a different 
reducirg power. Kie total error may be an increase of 4% or 6%. 

They farther contend that the boding with acid has other drawbacks. 
The dextrin, they say, is either not completely converted into dextrose, or, 
if it be converted thorou^y , then some of the previously existing dextrose 
gets converted into incnjredmAn/g bodies ; and, further, that some of the 
albuminoids are converted into bodies which have a reducing action upon 
Fehling’s solution. Much the same objection was made by Mr. Heron 
nearly nine years earher. 

The accuracy of the method, well thought out as it is, recommended by 
those autitors is open to some doubt, and the following su^ested modifi- 
cation is probably not less exact, though may be easier, and d^ending on 
the volumetric method alone That the gravimetric method, in the hands 
of a skilled operator who is secure from interruption, may be more exact, 
the present authors wiU not dispute, but they still maintam that close 
results may be got volumetrically if care be taken when the point is 
reached at which all the copper sulphate appears to be precipitated to run 
in another drop or two of the solution, and then to filter a very small 
quantity, and test this filtrate with potassium ferrocyanide. The initial 
steps are • — 

(1) Cold-Water Mash. — ^Twenty-five grammes of rather finely crushed 
malt are thoroughly mixed "with 250 c.c. of water, or, better, 50 grammes 
with 600 0 e The mixture, stirred at frequent intervals, is allowed to 
stand for 2 hours, and is then filtered bright 10 c c of the filtrate wiU 
contain the cold-water extract of 1 gramme of malt (i e , the ready-formed 
sugars, the acid, mineral matter, and albummoids soluble in cold water). 

(2) Hot-Water Mash. — Fifty grammes of malt (crushed) in a coffee- 
mill. or a Seek laboratory mill, kept for the purpose) are stirred into 
400 c.c. of water — at a temperature (about 164® to 165° Fahr.) which will 
give an “ initial ” of 160° Fahr. An accurate thermometer should he used, 
and the beaker kept standing on a sand-bath over a gentle flame Stir 
frequently for the first half hour, and maintain at 150° for 1 hour ; during 
the next 20 minutes raise gradually to 160°, and then rapidly to hoihng. 
Filter hot into boiling flask, washing the ” grains ” with nearly 100 o.c. 
of hot water. Boil for half an hour, cool, filter, and make up to 500 c.o. 
Then 100 cc. contains the starch-conversion products of 10 grammes malt. 

[Though the above approximates, with one exception, to usual mashing 
conditions, the exception is an important one, which perhaps accounts for 
the difieien.ee between some laboratory extracts and mash-ttm results. 
This is the much hi^er ratio of the solvent, the proportions in actual 
mashing being about malt 47 : 100 water, whereas in the laboratory they 
are 10 : 100.] 

We will now take the figures of an actual operation, referring to 
pp. 168 — 169 for polarimetric details. 
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Cold-water mash (filtrate from). 
Specific spaviiy = 1007-45. 


7-45 

3-^6 ** solid matter in 100 c.c. = 10 grammes of malt. 

. Solid matter m 100 grammes « 19- 3®^ (solutle ia cold crater). 

Opticity —Angle observed in a 2-decimetre tube = 1 • 6 « 0- 8 for 
a decimetre tube 

-8 X 100 - , 

Then — r=al>=41-45. 


deducing power (a before inversion, i3 after inversion of 100 c.c. 

with 25 c c. yeast-water) : — 

(a) 7-0 c.c. = 10 c c Fehling ; then 

r4‘5 Maltose. 

7 0 : lOOO : : “064* = 9 - 14%, 3 1 Dextrose. 

1 1*54 Levulose. 

(J8) 4 5 cc = 10 c c Fehling ; then 

4‘o : 1250 •: 0577=16-0®o — * ^ , 6*86® © ^^ane-sugar as invert ; 

and 6 *86 >r xVfr — 6 51 
Therefore r f s. = 15-6o®o (9-14 — 6-51* 

Then 19*3®o “ 15 65®o=3*65=nun. matter, acid and albu- 
minoids soluble m cold v^ater. 


[Albuminoids, etc, will, however, be determined from the hot- water 
mash ] 

Hot-waier 7nask (filtrate from) 


Specific grat if y = 1027*4 

27*4 — 3-fe6 = 7*1 soLd matter .ii HOcc =10 "lammes nia^t 
Solid matter in lOO grammes = 71% 

Rethiang jK^uer <20 c e diluted to liH) c c , of which l<»-9 = 

10 c c Fehling; : — 


lU 9 : 5«MJ<J 0SU7 
Opticitg observed angle; 

S 6 • 

tT 


= 37% maltose due to starch 
— 66 <for the 1 -decimetre tube;:— 

- 121 1 _ -a' 




Then, subtracting the observed angle of the cold-water extract from 
that of the hot-water extract (each representing 10 grammes per 100 c c 
under their respective conditions) : — 

86 —0 8 = 7*8, angle due to starch-conversion products 
And 3 * 7 ( maltose in lu grammes) y 1 * 354 1 angular deviation caused by 1 gramme 
maltose per 100 c.c m 1 -decimetre tube) = 5 01 deviation due to maltose (fi). 
And 7 8 — 5*01 = 2 79 deviation due to dextrin 

2*79 — 1*95 (angular deviation of 1 gramme dextrin) =1*43 i,or 14 3% dextnn 


♦ The average proportions of the ready-formed sugars are, nearly enough, 4 cane, 
3 maltose, 2 dextrose, 1 levulose (the combmed dextrose and levulose slightly exceeding 
the maltose generally) !Xow their volumetric reducmg values are (= 10 c c Fehhng) : 
Maltose, *0807 gramme; dextrose, -05 gramme; and invert (equal parts of dextrose 
and levulose), 0475 gramme. So these third terms are got on the foUowmg basis • — 

(fl) (-0475 X 2> — 05 — (3 > *QSQ7 ) _ 

6 

(3) ( 0645 X 3) - (-0475 X 2) ^ 

5 

The second terms of the proportion sums 1000 and 1250 axe used to bring calculation 
into a percentage at once, lOOc.c. made into 125 c.c. m J3 equallmg 10 gramines malt. 

K 2 
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We have blow the following figures : — 


Ready'fomed sugars » 15' 65; maltose (from staroh conversion) ss 37 -0; 
dextrin » 14‘3, or 66*95 out of total soluble solids of 71%. [These figures 
will be carried on to p 186.] 

Amyloin Theory : its Bearings on the above Figures. — will he well 
to refer to this point here before proceeding to the acidity and albuminoid 
detenoinations ; although, as the theory will he rather fully dealt with 
farther on (pp. 242 — 243), and is, moreover, contested, or at most accepted 
as a working hypothesis by many, the method for determining malto- 
deztrins (as definite compounds) will not be detailed. 

To quote one of the main upholders of the theory : “ In the ordinary 
methods of analysis, the maltose, whether free, or combined as malto- 
dextrin, will appear entirely as maltose, while the dextrin, whether corn- 
hined or free, will appear as dextrin. Consequently, in the ordinary 
analysis, we get our total maltose and our total dextrin, quite irrespective 
of the amounii of each which is free and the amount which is combined. 
Here are two typical analyses where the percentages of total maltose and 
total dextrin expressed on 100 parts starch are the same. The figures 
chosen are integral, so as to make the point as clear as possible. 


Free Maltose . 
Combmed Maltose 
Gombmed Dextrin . 
Free (stable) Dextiin 


A 


65 

10 

5 

10 


} 



B 


73 
21 
6 J 
20 


I75 


26 


In both these cases the total maltose is 76, and the total dextrin 25, so 
that had these worts been analysed in the ordinary way, and without 
regard to malto-dextrins, they would appear the same in constitution ; 
and they would naturally be regarded as about to yield the same results as 
regards attenuation, and as regards general character of finished beer. 
But the recognition of the malto-dextnns indicates that, although identical 
in respect of total maltose and dextrin percentages, the worts will yield 
mtirdy different results For instance, wort A will not attenuate to 
nearly so low a point as wort B, and the beers yielded by these worts wiU 
be entirely different m palate, rate of conditioning, stability, and 
brightness.” ♦ 

Let us examine this contention a little. The examples are owned to 
be hypothetical, and they are indeed so extremely hypothetical as to be at 
variance with the anal;^ical results given in another part of the aaTWft 
paper. In those examples it appeared that as the quantity of maito- 
dextrin increased, the t 37 pe rose also as a general rule ; that is to say, the 
malto-dextrin compound contained less and less maltose and more and 
more dexrfcrin. It was only when the quantity of malto-dextrin was low, 
that its type also was so low as to bear the proportion of maltose 2 : 
dextrin 1 (as in the hypothetical example A), and this was only in the* case 
of an undercured malt, while those purporting to give the results of madx- 
tun detexminations never showed a lower proportion of maltose to dextrin 
than maltose 1 : dextrin 1. 

Therefore, even it the amylSin theory he proved np to the hilt, it 
appears that the want of precision lies within much narrower limits than 


* “ TranBaofaons of tie loatitate of Brewing,” iv., No. 6. Paper by Dr. Morite. 
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the aboTe hypothetical example would make it, and that li the dextEia 
found be worked out as a percentage of actual starch or rather of the 
carbohydrate portion of the soluble extract, any surplus shown above the 
20 ° o of stable dextrin will give a fair indication not only of the amoimt 
but of the type of malto-dextrin likely to be formed under the given 
condition?.* 

Of course the indication will not always be very exact, but if the 
surplus of dextrin is low we may take it that neither quantity nor t3?pe is 
likely to be high ; if the surplus of dextrin is high that type, almost 
c^ainly, and quantity, most probably, will be high. And it may be 
added that the dextrin should apparently come out a shade higher than 
analyses give it, seeing that recent researches have gone far to prove that 
there is an unfeimented residue m beer which is not maltose but which yet 
has cupnc-reducing power ; and owing to this amount not requiriug 
correction (for if it u ere glucose it would ferment away), the correction 
maltose into ^ucose ” is bomewhat lessened, so that the dextrin amount 
is fractionally increased.] 

Additsr in libit. — ^The method of testing for acidity here to be described 
is based upon chemical equivalence and the use of solutions accurately 
titrated or standardised. 

For example, three distinct kinds of solution will be required ; a 
standard or normal acid solution made with oxalic acid ; a corre^onding 
normal alkaline solution of ammoma, or of what is perhaps preferable, 
sodic hydrate (pure caustic soda) ; and a solution of litmus, though litmus 
paper can be made to do. AU these can be bought ready prepared, but 
tor the sake of clearness the preparation of the standard acid and alkali 
solutions v ill be explained here, the method of making the litmus solution 
being left to the end of thia chapter. 

Of the other solutions, not onlj” are standard or normal solutions 
required, but also one ot the strength, and another ot the strength, 
that IS to say, lOUcc and lo cc respectively ot the m^rmal solution 
dduted to a htre {l.UUUcc The decuionnai, i.c., the solution, is 

X X 

written shortlv the centmonnal , 

^ 10 loo. 


It has been said that the preparation of the standard solutions is based 
upon equivalent values, that is to say, the atomic weights are totaUed up 
in each case, and their sum gives the exact quantity which corresponds to, 
or neutralises, each of the others. Only it must be noted that in the case 
of oxalic acid, which is a bivalent compound, only half the quantity 
represented by the total weight will be required. It will be worth while 
to set forth the calculation at length. 

Oxalic Acid — C2H2O4 -f- 2 HjO. 


Ha = 2 ; C 3 = 24 ; O 4 = 64 . . . =90 

The two molecules of water of crystallisation . = 36 


126 

* 20% of Bta1)Ifi dextrin is calculsted on the ^areh of the malt. This, by referring 

to Mr - O’SnUivan’s analyses m the previons chapter the reader 'will see averages about 
45%. The stable dextrin will swctmlingly average about 9^o on the malt, so that^the 
amount above in our analysis 6 *94, may be taken as approximating to combined 
dextrin. 
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Of which half, as stated above, viz , 65 grammes, is dissolved in. a litre to 

N 

TnB-trft the normal solution ; consequently the solution contains 6*3 

N 

grammes and the solution '63 gramme. 

Ammonia NKo. 

N = 14 : = 3 = 17. 

Aocordin^y 17 grammes in a litre will make the normal solution.* 
[63 grammes oxalic acid correspond to 17 grammes ammonia, and 6 3 of 
the first to 1*7 of the latter.] 

Sodic Hydrate NaOH. 

Na = 23 • O = 16 • H = 1 = 40. 


Accordingly 40 grammes in a litre will make the normal solution, of 
which 1 c o will neutrahse the acid of 1 c.c of the normal oxalic acid 
solution. But oxaho acid is not the acid of malt or beer ; these are lactic 
or acetic We will, therefore, compare their molecular totals with those 
already taken, to learn what relation those acids bear to the standard 
alkalme solutions. 

Lactic acid (C3Hg03). 

Cj = 36 : Hfl = 6 : O3 = 48 = 90 


Consequently 90 grammes lactic acid = 17 grammes ammonia, or 40 
of sodium hydrate That is to say, 9 of lactic acid = 1 7 of ammonia or 
4 of sodic hydrate, and so on Conversely a litre of either alkalme 
solution (normal) will represent (i.e , neutralise) 90 grammes of lactic acid, 
N 

a litre of solution will represent 9 grammes, and a litre of either 

K 

aJkahne solution will represent *9 gramme (this equivalence will be 

used in the calculations) 

Acetic acid (C2H4O2). 

Cg = 24 : H4 = 4 : O2 = 32 = 60. 


Therefore 6 and • 6 grammes acetic = 9 and 9 lactic acid in neutralising 
the alkaline solutions. Accordingly a litre of either normal a l kal ine 

N N 

solution = 60 grammes acetic, and a litre of the and solutions 


6 and 6 grammes respectively. 

Frepaiing Infusion for Acidity Test-piocess and Calculation. — Twenty 
c.c. of the hot-water filtrate is made up to 100 0 c. ; 50 c.c. of the above 
are taken — i.e , 1 gramme of mcHt is dealt with. 

IT 

The ammonia is used, run in from a burette upon the 50 0.0. in a 
porcelain dish and tested at intervals with litmus paper. Suppose it takes 


* Best got by taking about 19 '32 o.c. of Tiquor ammonus /orator having a speoifio 
gravily of about *880 and nia.Tring up to a btre. But in. any case it, as well as the sodio 
hydrate solutioa, must be standsxdised against the normal oxalic acid — t.e., when eq.ual 
bnlte are mixed and tested with litmus paper, there must be neither acid nor alksJme 
reaction. 
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3*2 c.c. o£ tlie ammonia before neutrality is produced. We have seen 

that 1 litre 1,000 c.c.) ammonia = *9 lactic acid. So the 

calculation will be — 

1 gramme (the quantity of malt dealt with) took 3 2 c.c. Therefore 
100 grammes would take 470 c.c. 

1000 320 : . *9 

= •288°o lactic acid. 

[Mr. Allen, however (in Commercial Organic Analysis), says : “ The 
normal proportion of free acid, calculated as lactic acid, is not more than 
•2%, or at most -S^o ^ ‘-l^o is unusually high, and denotes unsoundness.” 
This is going rather far. Moreover, it must be remembered that though 
expressed in terms of lactic acid, other acids {e.g., aspartic) probably 
contribute Litmus is probably insensitive to the acid of acid-phosphates 
(c/. pp. 64 and 65 ), which are, besides, estimated in the ash ] 

Albuminotis lifottexs.* — ^Very concordant results, although its trust- 
worthiness has been disputed, can be got by using Professor Wanklyns 
ammonia process, albeit specially devised for determining the amount of 
pollution in uater For this method three standard solutions will be 
required, instructions for the preparation of which ill bo found at the end 
of this chapter These solutions are (1) Xessler's solution , (2) standard 
ammonium-chloride >olution ; (3) solution of potash and permanganate 
of potadi 

More detail will be found when the testing of water for free and 
albuminoid ammonia * is described, but it may be said here that the test 
depends on the fact that a s.mall quantity of Kessler ( in practice 2 c c. are 
used in each 50 c c. of water) reveals the pre-ence of even extremely minute 
traces of ammonia (1 part in IU.UOO.OlhJ) by striking a tint more or less 
brown, according to tbe quantity of ammoma present The tint is com- 
pared with that produced by Nesslerising a second 50 e c of water to 
which a known volume of the ammomum -chloride solution has been added, 
and when an exactly similar tint is produced ^which can be matched quue 
closely by placing the two tubes side by side on a white tile, and lookuig at 
th.eva through their depth), the amoimt of ammonium-chloride solution 
used in the five or six successive Xesslerisings is read off and translated 
into ammonia. 

3h water analysis, after the portions contaimng the free ammonia have 
been distilled oft and tested, the residue is boiled with some of the per- 
manganate-potash solution, in order to convert the organic matter into 
ammoma, in which form alone it can be e.«timated by this process. The 
method is adopted in estimating the albuminous matters in malt- 

* Of courae the analytical data obtained are not those of molt as such, but of its 
ertractable matter at the temperaiure employed. Shrmtly speaking N should be expressed 
in terms of amides, peptones, albumoses, etc. p. 61). Hantke’s table (p. 63) shows 
that the amnontB of extracted and coagnlable matter vary greatly with the initial used. 
One dictum (for Lager heats) gives the quantity of soluble that a msdt with 9 to ll®o 
portieds should contam as 0 -48 to 0-34% ( = 0*683 to 0 636 XH*) for pale and golden 
malt, and 0 39 to 0-4S% {=» 0*474 to 0 683 XH,) for dark, of which about one-fonrth 
should 1 h» coagnlable. 
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extract. C^e must be taken to use “ ammonia-free ” distilled ^tex for 
tke cylinder (test-tube) to which the ammonium-chloride solution is added 
for comparison, and that solution must be run in bef ore the Nessler. The 
2 c.o. pipette used to measure the Nessler, which can be made by the 
operator out of a piece of glass tubing, will do to stir up the contents of 
the cylinders. 

Let os now proceed to the actual operation. Take a flask of water 
two-thirds full, to which a little freshly ignited carbonate of soda has 
been added. Connect the retort by the beak-shaped tube with the con- 
denser (india-rubber stoppers, suitably perforated, make the tightest 
joints), and bring the naked flame of a Bunsen burner under the retort. 
[Of course before the contents of the retort begin to boil, cold water must 
be flowing continuously through the outer tube of the condenser in order 
to condense the vapour which comes ofl.j The vapour as it is condensed 
is to be cau^t in one of the Nessler cylinders, flle-naarked, so that 50 o.c. 
can be accurately caught each time. 

Test the flrst distillate with !Nessler to ensure that all the free ammonia 
is got rid of, which would otherwise vitiate the result, and as soon as no 
coloration is produced, 10 c.o. of wort (made by making 100 c.c of the hot- 
water filtrate up to a litre), representing accordingly ‘ 1 gramme of malt, 
is added, and the real distillation begins. After the first and second 
distillates have been tried with Nessler (the second should be nearly 
colourless), 100 c.o. of the permanganate and potash solution, previously 
boiled with 200 c.o. of ammonia-free water, is added. [N.B. — ^A few pieces 
of pumice-stone, or broken clay pipe put into the flask, will prevent its 
“ bumping,’* and possibly breaking. The broken pipe should be heated 
to redness in a platinum dish or crucible tiU all the darkish coloiur which it 
assumes is gone.] 

The first 100 c.c. distilled over is taken and made up with “ ammonia- 
free ” water to 500 c.o. Mve separate distillates — or six if the coloration 
continue marked — are taken, and should be made up to 500 c.o. like the 
first, as long as the coloration is considerable. 50 o.o. of each 500 c.c. (or 
of the 100 c.c. if undiluted) is Nesslerised, and the parallel results got with 
ammonium-chloride solution noted, and used as a basis of calculation as 
follows. 

[The first two distillates of 100 c.o. each are supposed to be diluted to 
600 c.o. ; the others not to require such dilution, but in each case only 
50 c.c. is Nessleribed.] 

(1) 100 made up to 600. 60 o.c. took 2*25 = 22*6 

(2) 100 „ „ 600. 60 0.0. „ 1-25 = 12*5 

(3) 100 (undiluted) 60 c.o. „ 2 26 = 4-6 

(4) 100 „ 60o.c. „ 1-6= 3-0 

(6)100 „ 60c.c. „ -6= 10 

43-6 

«.e , 43'6 c.c. of the ammonium-chloride solution are used to produce a 
series of tints equal to tho se produced by the ammonia evolved from 
1 gramme of malt. 

But each o.o. of the ammonium-chloride solutiou = *00001 gramme of 
ammonia. 
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I.e.t 0 1 grazome = *000435 of ammonia, and 100 grammes oi the znalt 
= *435 gramme of ammonia. 

Rule. — Now multiply’ the ammonia got by 5* 15 * to get the albuxoinous 
constituents of the malt. 


*435 X 5*15 == 2*210 albuminous matter. 


Aocozdin^y -we are no'w able to fill up the gaps -which were left in the 
analysis of the extraoc from a sample of malt (p. 178). This Trill now 
stand — 


Ready-formed sugars 15*65 

Maltose ... ..... 37*0 

Dextrin ........ 14*3 

Albuminoids ....... 2*24 

Lactic acid ....... 0*29 

Ash, colouring matter, etc. . . . . .1*52 

71*0 


Estimaiion of Nitrogen by Soda-lame Process, (a) Soluble Albuminoids. 
— ^This method consists in heatmg the substance dissolved m the smallest 
possible quantity of ’water' — or malt may be mashed, the wort being just 
evaporated to dryness, and the dry sohds carefully scraped up— wi^ a 
znixtirre of caustic soda and caustic lime, called soda.lime,t m a combustion 
tube, which is either of iron and closed at one end, or of bard glass with 
one end dratm out to a pomt, which can be broken. oS when desired. The 
mtrogen of the albummoids is thereupon converted into ammonia, which 
is led into a known quantity of normal hydrochloric, sulphuric, or nitric 
acid contained in a special bulb apparatus, where it combines with its 
equivalent quantity of the normal acid. The amount of actd remaining 
unneutralis^ is then determmed by titration, Tihich amount deducted 
from the known volume in the tube gives the amoimt neutralised by the 
ammonia evolved during the combustion. [On the equivalent principle 
referred to in the paragraph on acidity* determination, the normal solutions 
contain respectively in 1 litre 49 grammes sulphuric acid, H* SO4 (half 
weight of total atoms). 36*5 of hydrochloric acid, HCl , 63 grammea of 
nitnc acid, HNO3 ; 4u grammes of sodic hydrate, NaHO, and 17 of 
ammonia, NH3. 

[Accordingly, as stated before, any measure of one of the normal acid 
solutions neutralises exactly the same measure of the ammonia or sodic 
hydrate, if the solutions be correctly made.] 

The (k)nibiistiGn-tabe, some 20 inches long, must first have the bottom 
covered to the depth of about 3 inches with coarsely granulated (not 
powdery) soda-lime. Then the dissolved substance, -with the rinsings as 
sparingly done as possible, is run in, and after a few minutes* rest the tube 
is about -three parts filled -with soda-lime ; or, if it he malt, the carefully 
evaporated extract, care being taken to secure every particle by rubbing 

* THs factor 5 *1S conesponds frith the factor 6 *25 used for calculating albuxoinous 

14 

bodies from total ascertamed nitrogen 6*25 X ~yj ^ 5*15 [17 parts ammoiua c ont ai n 14 
nitrogen]. 

t Can be boagbt ready for use at Messrs. Townson & Mercer’s. 
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the out with a portion of soda-lime after thorou^ily scraping out the 
oontents, is put into the tube. We will assume that the amount operated 
on represents the dried soluble solids from 5 grammes of malt, mashed 
with cold distilled water in a beaher, the temperature having been 
gradually raised to 140° and maintamed thereat for one hour. [If a 
concentrated solution, however, is operated on, an asbestos plug, lightly 
put in, will prevent any soda-lime being carried over when heat is applied 
and steam generated.] 

Jive o.c. of normal acid is now nm in the special bulb apparatus (Will 
and Varxentrapp’s), which must afterwards be connected with the oom- 
hustion tube. The connection must £t quite tightly, and precautions 
must be taken to prevent the cork or stopper, which fits into the oom- 
hustion tube, from getting burnt. [1T.B — piece of cotton waste, wetted 
and hung upon the end of the combustion tube and on the cork in question, 
and with its two ends dipping into a basin of water underneath, will keep 
the end of the tube cool.] 

The bulb itself must be put m a vessel of cold water as soon as the 
combustion tube has been placed in the furnace, with its end (that towards 
the bulb) projecting some three or four inches. 

After the combustion tube has got red-hot and vapour has ceased to 
come off (if the solution was employed), the bulb apparatus is detached, 
and its contents and subsequent rinsings emptied into a poroelam dish. 
Alka li solution IS now run in from a burette, and when neutrality is j ust 
reached (if a few drops of htmus solution have been previously added, the 
point IS just when its red gets a tinge of violet, or red and blue litmus paper 
may be alternately tried), the quantity is read off, and the calculation is 
as follows : — 

Suppose the quantity of N alkali run in is 3 7 , then — seeing that 
5 c.c of N acid was run into the bulb — 1 3 gramme will have been 
neutralised by the ammonia given off. 

But eachc c corresponds to '017 gramme of ammonia (because 1,000 c.c. 

14 

contain 17 grammes) or to * 014 nitrogen (ammonia contains of nitrogen) . 

Therefore '014 x 1'3 = •0182 gramme of nitrogen, from 5 grammes 
malt, which X 20 (to bring to percentage) = '364. 

•364 X 6- 26 (a factor got by dividing 100 by the average percentage of 
nitrogen which albumen contains) = 2" 275 albummous matter. 

Testing of Malts in Lovibond’s TintonLetei. — As each brewer desires 
his own special colour depth in both his pale and his mild ales, he 
requires his malts to be dried off so that he can ohtam from them 
these special depths of tint. 

However the degrees of colour in Lovihond’s Tintometer most 
generally quoted by brewers’ chemists for a good bright pale ale malt 
is 6 0° of Series 62 in a 1 -inch cell, and for mild ale malt about 7^0° of Series 
52 also in a 1-lnoh. cell. 

The 1-inch cell is the standard cell as adopted by the Institute of 
Brewing. The |-inch cell is now seldom used, and as each malt has its own 
specific rate of colour absorption, it is not safe to halve the l-inch reading 
to ohtaiu the ^-inch reading, but generally speaking in order to obtain an 
approximate estimate the l-ineh cell measurement can be halved and 
then a *50 glass added -to. it to equal the j^-inch measurement. 
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It is recommended that the following formula be followed for labora- 
tory use • — 

Extract and Tint. — i’ifty grammes of malt are to be weighed out and 
ground in a Seek mill set at 25, and mashed in a glass beaker of about 
500 c.e.s. capacity with 360 c e s. of distilled water previously heated to 
154 — 155® F. The beaker is covered with a clock glass, and placed m a 
water-bath, so that its contents are kept at 150® F. for fifty-five minutes. 
The mash is stirred at intervals of about ten minutes during this time. 
The temperature is then raised to 158® F. for five minutes, and the whole 
mash washed into a flask graduated to 515 c c., cooled to F., made up 
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to the mark mth di&tiUed water at the same temperature, well shaken, 
and filtered 

The above wort, filtered perfectly bright, is to be placed at once in a 
1-inch cell, and its tint recorded in colour umts of senes 52 glasses. 
Experience has shown that the colour composition of all malts is a com- 
bination of orange and yellow and any difference in colour or colour depth 
IS due solely to the vaiying proportions of these two colours, a co- 
relation of the colours found m malt extracts with the quahties found m 
the finished heers made from them has demonstrated that those malts 
which originally contamed the greatest proportion of yellow to orange 
produced beers of a more delicate flavour and of greater brilliancy than 
those brewed from malts having a lesser proportion. 

Total AThiiniinftMg (by Soda-Idme). — ^The above will give the soluble 
albuminoids ; if the total albuminoids are required it will be necessary to 
take the dry grist, carefully reweighed after grinding, and to heat the tube 
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to redoess^ begimuBg at the end near the bulb. There should be a portion 
of soda-lime at the lower end of the glass tube, and a portion, likewise 
unmised with malt, at the upper end, the grist mixed wi^ the bulk of the 
soda-hme occnp 3 ring the space between. The object of having a glass tube 
and of its being drawn to a point at the bottom is that when the com- 
bustion is thoroughly ovor and the ammonia practically all evolved, the 
point may be broken off and a gentle current of air blown through, which 
carries into the bulb any of the ammonia which has been left behind. The 
calculation will be similar to that already given. 

Accunusjr o£ the Soda-Lime method. — ^Opinions differ as to this ; but 
it seems that, except in the case of certain compounds, which either do not 
yield their combined nitrogen as ammonia or not the whole of it, the 
method may be trusted. With substances very rich in nitrogen the 
addition of sugar on either side of the substance to be analysed is said to 
improve the result. 

Also a mixture of eq,ual parts of sodium thiosulphate, sodium acetate, 
and soda-lime, Instead of soda-lime alone, appears to give even better 
results. 

Diastaiic Activity of Ibilt . — ^This may be estimated and classified by 
Lintner’s method. A solution of soluble starch is prepared, of which 
10 C.C. represent *2 gramme, i.e., a 2% solution. It is prepared in the 
following way. Pure potato starch is covered with hydrochloric acid of 
7* 5% strength, and allowed to stand for seven days at ordinary tempera- 
ture or for three days at about 104° Fahx., whereupon it loses its property 
of forming a paste. It is then repeatedly washed with cold water (by 
decantation) till litmus paper shows no acid, then dramed and dried 
in the air. The product gives a clear solution with warm water, and of 
this, as required, 2 grammes are taken and dissolved in 100 c.c. The 
following is the original method of estimating the diastatic power of 
malt. 

In ten test-tubes, containing each 10 c c. of this solution, are added 
varymg quantities (viz., * 1, -2, -3, *4, -o, -6, *7, *8, -9, and 1 c.c.) of a malt 
extract prepared as given below, in brackets. [.An aqueous extract of 26 
grammes of finely powdered malt is made, by allowing the mixture to 
stand for 6 hours at ordinary temperature of the air, fitering and refilter- 
ing, if necessary, on the same filter-paper till quite clear. It is then made 
up to 500 C.C.] 

The ten test-tubes after the addition of the malt-extract then stand for 
one hour-— “ at ordinary room temperature,” Lintner says, but a uniform 
70°Pahr. is better, after which 5 c.c. of Fehling solution are added to each, 
and all are placed in boiling water for 10 minutes. [The student who has 
worked through this chapter wiU not require the rationale of these 
steps.] 

'Hien the test-tubes are looked at. If there be one in which the blue 
colour is exactly discharged that may be taken for classifying, bus 
probably the exact cupric-reducing power will not exactly coincide with 
the amoimt of maltose existing in any one of the test-tubes ; but there 
win be one stall showing a faint trace of blue, while its nei^hour, that had 
more malt-extraot, shows the yellowish tint indicative of its hmng 
'over-done.” In that case small additions (*02 c.c.) of the malt- 
extract may bo made, successively if necessary, the rest fox conversion 
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of ootiise lieing allowed ; but if rapidity be an object the mean may 
betaken. 

^e standajxl adopted is that when the maltose produced by the action 
of '1 c.o. of the malt ejctract, under the condition pr^oubed, exactly 
reduces 5 c.c. of Febling, the diastatic power = 100. 

But suppose *46 is found to be the exact quantity which precipitates 

aU the copper, then = 21*74, or correctir^ for moisture, say 3%,’ fc 


becomes 


21*74X100 

97 


= 22*41 for diastatic value of the malt. 


l^his is a low value. A range between 28 and 30 might be looked upon 
as average. Higher than 35 might imply under-cunng, a lower value than 
30 might mean insufScient germination. A much over-cured, scorched 
malt had, in a series of experiments elsewhere referred to, a value 
of 16 8. 


Estimation of Diastatic Power by Titration Method.— Twenty-five 
grammes of ground malt are to be extracted with 500 c.c. of distilled water 
for 3 hours at 70® F. and filtered bright, stirring well every half hour. A 
portion of the filtrate (3 c c.) is allowed to act on 100 c c of a 2% of soluble 
starch at 70° F. for an hourin a 200 c.c. flask !X/10 caustic alkali (10 c.c.) 
is theu added in order to stop farther diastatic action, the liquid cooled to 
60° F. made up to 200 c.c. with distilled water at the same temperature, 
well shaken, and titrated against 5 c o. portions of Fehling's solution, using 
thiocyanate as indicator. The titration is carried out as follows : — 
Five c.c. of F ehling ’s solution are accurately measured into a 150 c.c. 
boiling flask and raised to boihng over a small naked Bunsen flame The 
converted starch solution is added from a burette, in small quantities, at 
first about 5 c c., the mixture being kept rotated and boiled after each 
addition until reduction of the copper is complete, which is ascertained by 
rapidly withdrawing a drop of liquid by a glass rod, and bringing it at once 
m contact with a drop of the mdicator on a porcelain or opal glass slab 
The results are calculated by the following formula — 

A = ^.^^in which A equals the diastatic activity, X equals the 

number of cubic centimetms of malt extract contained m 100 c.c of the 
fully diluted starch conversion liquid and Y equals the number of cubic 
centimetres of the same liqmd required for the reduction of 5 c.c. of 
Fehling’s solution. The above method (using 3 c c of malt to 100 c.c. of 
2% solution starch solution) is not accurate for malts having capacity 
exceeding 50 Ldntner ; in the case of such malts the relative volume of 
malt extract must be less, say 2°o> malts of the highest diastatic 

capacity such as are frequently used by distillers and vinegar makers (i.e., 
m^ts over 80 Lintner), an even smaller volume of extract must be taken 
(see tables appended, p. 190). 


The Detection of Arsenic. 

(1) Tn TffftlL — ^Place 30 grammes of malt in a suitable sized flask. Add 
100 c.c water and 15 c.c. pure strong hydrochloric acid. Heat 
gently to boiling and then drop in a piece of pure copper foil 
2 in. X i in., attach a reflex condenser to the neck of the flask, and 
boU gently for 45 minutes. The reflex condenser returning the 
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coadensed vaponx to the flask prevents any loss of liquid during 
the process. At the conclusion of the boiling take out the copper 
foil, vash it well with water, alcohol and ether. Dry it in a water 
oven and sublime it slowly in a small tube over a small flame. 
Examine with the microscope any sublimate which may be 
obtained for the characteristic crystals of AS4OQ. The same 
process is also applicable to such substances as malt combs, malt 
dust, hops, etc. the case of bulky materials use more water 
and acid in order to maintain sufficient fluidity during the 
boiling. 

(2) Beer. — ^The following is the process recommended by the Man- 
chester Expert Committee. Take 200 0.0. of the beer ina porcelain 
dish, acidulate with 1 c.c.of pure concentrated hydrochloric acid 
and evaporate till the volume of the liquid is reduced to one half. 
Then add a further 15 c.c. of the hydrochloric acid, and insert a 
piece of pure burnished copper foil ^ m. X ^ in. in size and main- 
tain the solution gently simmering for 1 hour, replacing the 
evaporated liquid from time to time by distilled water If at the 
end of an hour the copper remains bright and red, the beer is 
arsenic free If a deposit is formed on the copper the foil should 
be removed, washed successively with water, alcohol and ether, 
dried at a temperature not exceeding 100® C , and subjected to 
slow sublimation m a thm reduction tube not less than 2 in. long 
and having an internal diameter of 0*16 in. The upper portion 
of which should be warmed before the sublimation begins. Por 
the purpose of the subhmation a small spirit lamp flame should be 
used. If any sublimate is obtamed, it must be exammed under 
a magnifying power of about 200 diameters. Any sublimate 
which does not show well marked octahedral or tetrahedral 
crystals is not to be considered arsenical Mere blackening of the 
copper, or deposit thereon, does not demonstrate the presence of 
arsemc. 

When arsenic is detected by the above test, its quantity is best 
determmed by the 

Marsh Test for Arsenic. — ^This process by IVlarsh Berzelias should be 
performed as follows — ^The beer — ^preferably 50 c.c., is acidulated by the 
addition of 1 c.c. of pure hydrochloric acid and gently boiled in a porcelain 
evaporating dish for a few minutes imtil frothing nearly ceases, cooled and 
gradually mtroduced into a Marsh apparatus of 200 c c capacity, which is 
already giving off a gentle stream of pure hydrogen gas, evolved from pure 
zinc and diluted hydrochloric acid The punty of the evolved gas is first 
tested by ascertaining that it yields no mirror after 15 minutes, when it 
has passed through a drying tube charged with successive layers of cotton 
wool, lead carbonate, and spongy calcium chloride, and then heated to 
dull redness in a narrow glass tube drawn out to a capillary size just 
beyond the point of heating. The open point of the tube at which the gas 
escapes should be turned upwards at n^t angles, so that the amount of 
issuing gas can be regulated by seeing that when lighted the fiame of the 
burning gas is just perceptible. The beer is introduced by means of a 
straight riiistle funnel provided with a stopcock so that the admission of 
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liquid into the apparatus cau be regulated without introducizig air. !E!roin 
time to a littb pure couceutrated hydrochloric acid is also introduced 

so as to Tna.in , tftm the uniform evolution of gas. The blank especiment 
having shown no mirror in the heated tube at the end of 15 minutes, the 
experiment is continued for 30 minutes after the commencement of the 
introduction of the beer- The arsenical mirror thus obtained is then 
compared with standard mirrors obtained by treating known quantities of 
ars^ous oxide dissolved in water with the addition of pure bydrooblorio 
acid imder precisely sumlar conditions as to generation of gas, and the 
quantity of arsenic present is thus judged with great approximate 
accuracy. The mirror may subsequently be converted into crystals of 
arsenious oxide by sealing of the portion containing the nuxror at each 
end by means of a blow-pipe, and then gently heating the tube by which 
means the mirror is volatilised, oxidised, and converted into crystals of the 
oxide. The mirrors obtained should be small, the comparison of small 
mirrors yielding more accurate results than where large mirrors are 
compared. 

The Rexnsch Test for Araenic. — This test takes its name from Emil 
Reinsch, who discovered it about 1842. Its principle is this : — ^When 
arsenious oxide As^Os, or its salts, is boiled m a solution which also 
contains hydrochloric acid and metallic copper, the reaction 


3 Oug “f” AS 2 O 3 “j“ 6 SCI. 

= 3 HgO -r 3 Oug Clg -f takes place. 

The arsenic alloys itself with the metallic copper, forming the compound 
Asg CU 5 which forms a discoloration on the sinrface of the foil, or may drop 
off in flakes if a large quantity of arsenic is present m the liquid tested 
During the sublimation process this alloy is decomposed, and the arsenic 
is oxidised to AS 2 O 3 , which condenses in the cr 3 ^talluie form on the cold 
part of the tube. 

neetmanns Test for Arsenic. — ^The solution is mixed with excess of 
caustic potash, a piece of jpure zinc, or of magnesium, or aluminium foil 
inserted, and the solution heated. A piece of Alter paper moistened 
with sAver mtrate is held over the mouth of the tube. In presence of 
arsenic, arseniuretted hydrogen is produced and reduces the silver on 
the paper, forming a greyish or purplish colour Antimony is not 
evolved m this test. Eleetmanns test is therefore a ready means of 
finding ars«iic in presence of antimony, although the test is not so 
delicate as the others given. Or instead of silver mtrate the paper 
(preferably jUQchallet’s drawing paper) cut into) trips maybe soaked in a 
1 % solution of mercuric chloride, and after diying exposed to the gas 
when the arseniuretted hydrogen produces a stain. 

Analysis of Beer — (i) Oxig^ Gravity.— Take a sample of the beer, 
and pour from one large beaker to another for a considerable time in order 
to get rid of the carbonic acid. When the latter has been got rid of, take 
250 c.c. and distA (in the Liebig’s glass condenser, as arranged by Dr. 
Qraham). Let two-thirds distA over, catch this in another 250 0 . 0 . flask, 
and make both it (the distillate) and the residue up to 250 c.c. with distilled 
water. 

Then cool both flasks carefully down to l&S** C., and flA the specific 
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gravity bottle so that vrlieii the stopper is dropped into its place a tiny bead 
of the liq[aid just makes its appearance on the small perforation throng 
the stopper. [It must not be a distinct drop, nor must there be any 
moisture outside the specific gravity bottle.] 

With these precautions we weigh saccessively the speci£c gravity 
bottle filled with (1) the beer itself, freed from gas ; (2) the distillate (made 
up as directed) ; (3) the residue, care of course bemg taken to rinse out the 
specific gravity bottle first with the lii^uid which is being weighed, and to 
use the counterpoise for bottle, as empty. 

Let us suppose that the weights of the bottle filled with the respective 
liquids are — 

Distillate 49 549 : residue 51*222 ; and beer 50*793 all m 
grammes. 

It will be remembered that at the outset we weighed our specific 
gravity bottle filled with distilled water at 15* 5° C. and recorded it to hold 
49 9S3 grammes. 

Accordingly the calculation will proceed thus : 

Distillate = ^ = 991*3 

49* 983 

Residue :c_ 1000 ^ 1024-78. 

49*983 

Beer = 50-i93 X 1000 _ ioi6*2 (Finalattenuation = S*81b ) 

49 983 

Then we subtract the found specific gravity of the distillate, viz , 
901 3. from 1,000, which gives us 8*7, whereupon we refer to a book 
of tables generally supplied mtb the specific gravity bottle, and in one 
of the tables Table I , p 194) we find that 8 7 = 37 5 degrees of gravity 
lost. 

We then add the 37-3 to the specific gravity of the residue, viz., 

1.024- 78, which give^i us 1,062 28 as the original specific gravity ( = 
22 42 brewers’ lb . with a final attenuation, as stated above, of about 
5 8 lb ). 

Original Oravity by the Evaporation Process. — This is easier than the 
distillation process, though, if the other be carefully performed, probably 
a trifle less exact It does not, for instance involve taking any exact 
quantity of the beer. Any convenient quantity can be partially evapo- 
rated (enough to drive off the alcohol) in a beaker, cooled and weighed 
as before, the difference between the weight of the residue and that 
of the beer before evaporation providing the required data We can 
of course use the weights already got for the purpose of illustration, 
thus : 

Deduct gravity of the residue from that of the beer 1,000. 

2,016-2 — 1 ,024- 78 = 991 42, which in tumdeducted from 1,000 = 8* 58. 
Or, what is simpler, deduct the beer gravitv from that of the residue, 

1.024- 78 — 1,016 2 = 8 58. 

On referring to the evaporation process table (Table II., p. 194) this 
wiU be found to show 37* 7 degrees of gravity represented by alcohol, etc. 
This gives 1,062-48 as the gravity of the wort before fermentation, against 
1,062 28 shown by the distillation process. 

BK 
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TABLE I. 

Spirit Indication teUh corresponding Degrees of Gravity lost tn IlaH Worts by the 

*' Distillation Prooeas'* 


Bezrees cf 
'Tint 

1e*i eatioa 

*0 

•1 

-2 

3 

4 

•5 

•6 

•7 , 

8 ! 

*9 

0 


•3 

6 

*9 

1-2 

1 5 

1 8 

2 1 , 

1 

2*4 , 

1 

9* 7 

1 * 

1 

3*0 

3*3 

3 7 

4*1 

4-4 

4-8 

5 1 

5 5 , 

0*9 

6*2 

•> 

6-0 

7*0 

' 7*4 

7 S 

S-2 

S 6 

0 0 

■ 9-4 ' 

9*8 1 

1 10-2 

3 

10-7 

11*1 

11*5 

12 0 

12-4 

12 9 

13 3 

13 8 ! 

14 2 , 

[ ^-^'7 

4 

, 131 

16* 5 

1 16*0 

16*4 

16-8 

17-3 

17 7 

18*2 . 

18*6 

19-1 

5 

19-5 

19*9 

20*4 

20*9 

21-3 

21-8 

22 2 

22 7 

23*1 1 

1 23-6 


24-1 

24-6 

25*0 

25*6 

26-0 

26-4 

, 26-9 

27 4 

27*8 1 

28*3 

t 

2S-S 

29*2 

: 29*7 

30 2 , 

, 30-7 

31-2 

1 31*7 

32-2 1 

i 32*7 1 

33-2 

8 

33 7 

34-3 

34*8 

35 4 

35-9 

36 5 

' 37 0 

37 6 

88 0 1 

38-6 

9 

39 1 

39*7 

40 2 

40 7 

41-2 

41-7 

42 2 

42 7 

43 2 ' 

' 43-7 

10 

44*2 

44*7 

45*1 

: 45 6 

46-0 

46 5 

47*0 

47 o 

48 0 ' 

48-5 

11 

49*0 

49*6 

60 1 

50 6 

51-2 

51 7 

, 52 2 

, 52*7 

53 3 ; 

i 53-8 

12 

54*3 

54*9 1 

1 35 4 

55*9 

56-4 

56-9 

1 57 4 

, 57 9 . 

58 4 < 

58-9 

13 

59 4 

60*0 1 

60 5 , 

61 1 

61-6 

62-2 

; 62 7 

63 3 

63*8 : 

: 64-3 

14 

, 64 S 

65*4 1 

65*9 1 

66 5 

1 67-1 

67-6 

68*2 

, 68 7 

69 3 

69-9 
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Spirit IndiecOion vnth corresponding Degieet of Graiity lost tn Malt Worts by the 

“ Evaporation Process.” 


Degrees of 
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1 
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1 

^ 1 
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31-8 
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1 36 0 
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1 41-0 
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53-0 
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58-9 
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13 
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1 
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69*2 
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1 

_ 


_ _ __ 









Method o£ Usmg the for^oiiig Tables.— In onr example of the Distilla- 
tion Process -we find the “ spirit indication ” (i.e., 1,000 — specific gravity 
of distillate) to be 8*7. We then, refer to Table I., and taking the first 
column "we find the vrhole number 8 ; next we look for the column which 
has * 7 at the head, and observing the place where these two columns, tbe 
one horizontal and the other perpendicular, meet one another, we find 37* B 
given as the degrees of gravity lost, or solid extract which has been 
fermented away. Where the “ spirit indication ” is in two places of 
decimals the nearest sin^e decimalis taken ; thus for 8*58 take 8*6, which 
on Table H. gives 37*7 (8*68, however = 37*6, which gives a result very 
close to that of the Distillation Process). 
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Impioved Alecdiolmeter. Tliis ingenious apparatus (aoiir obtainable 
from 3Ir. J. Long, of EastcLeap, E.C., Messrs. 'SV. Reeves & Co., 26, 
Mjnories, E. 1. andotbera) maj- just be referred to here, although its proper 
sphere is rather the brewing-ro om than the laboratory. It has been found 
very useful for the rapid and accurate estimation of " ura&te " or ‘‘returns.’* 
It consists of a body or boiler with a spirit-lamp underneath, and a 
specially graduated thermometer, having a condenser attached, which has 
to be inserted mto the boiler. Advantage is taken of the fact that 
spirituous liquids boil at lower temperatures than water, consequently the 
larger the quantity of alcoholin any beer the lower will be its boiling-point. 
But as there is no exactly constant boiling-pomt for water, which in fact 
varies with barometrical pressure, a preliminary operation has to be made 
by charging the boiler with water, lighting the spirit-lamp, and noting the 
point at which the water boils, continuing the boiling for some seconds so 
as to be sure of gettmg the highest point. Then a movable ivory scale has 
to be adjusted so that the 0 (zero) exactly faces the highest point of 
ebullition, which makes the nececsaiy adaptation of the thermometer to 
the boihng-pomt of the day. 

Then the boiling operation has to be repeated u ith the beer which is to 
be tested, and as soon a< the liquid is m full boil the highest point which 
the quiclmilver reaches mujat be carefully noticed, and there, instead of 
the temperature as in ordinary thermometers, can be read off the “ lbs. 
per barrel,” or “degrees of specific gravity,’' the former on the right 
hand, the latter on the left of the scale, corresponding to the lbs. or 
degrees of gravity “ lo-st "during fermentation This, added to the 
present gravity a« found by a small saccharumeter gives the original 
gravity of the beer. 

Beer showing a Marked Degree of Acidity.** — The beer iii question was 
an actual sample of stout, bottled bj a large firm, but jialpably sour. 
Special care being taken to get rid of the carbomc acid, the respective 
gravities, are found to be — 


Beer befoie distilIat.ori= 
Distillate = 
Residue = 


50*899 y luCtO 
49 gs3 

49-4S4 y lliOn 
49*983 

51*3S9 X lOCJ 
49*983 


lUlS-32. 
99u O 


1028*12. 


Then subtract as before the distillate 990 from 1,000 = 10, which it 
will be seen, on referring to Table I. above, show s 44 2 degrees of gravity 
lost. 

tjo that, as far as we have got. the strength of the beer appears to have 
been 1,028* 12 — 44*2= 1,072*3 degrees ; but owing to the large quantity 
of acid, acetic (volatile) and lactic (fixed), present, it will he necessary 
to determine these, and calculate how much " gravity lost ” they 
represent. 


* When mnch. rolatUe (acetic) acid is present the aoidv j of the beer should be neutral- 
ised, otiierwise the “ spirit indication ” of the distillate may come out too low. AceUc 
acid a higher apecmc gravity than vater (1*0.'».’> : 1*0G0>, and thus 0* 1 of the volatile 
acid may increase weight of the distillate by *€05, making the degrees of gravity lost ’* 

1*5 less than the actual. 
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We avail oiirselves of the fonoving table : — 

TABLE ni. 

For aaeerlaining the YcHue of the Acetic Acid. 


Iixcess per 

: 


Corresponding 

decrees o£ “ 

Spinfc Indication 

9M 



ceuc of 
Aceoc Acid 

111 the Dcer 

•a» 

-01 

•02 

03 

•04 


oc 

1 

CO 

o 

* 

07 

08 

•09 

•0 


•02 

•04 

•06 

-07 


OS 

09 

11 

12 

•13 

-1 

14 

-15 

•17 

•18 

•19 


21 

22 

23 

24 

-26 

• 2 

27 

-28 

•29 

•31 

•32 


33 

34 

35 

37 

•38 

•3 

39 

•40 

-42 

•43 

•44 


46 

47 

48 

49 

•51 

-4 

32 

*53 1 

*55 

■CO 

-57 


59 

bU 

61 

62 

-64 

■5 

‘65 

•66 , 

67 

69 

-70 


71 I 

72 ‘ 

73 

•75 

-76 


77 

•78 

80 ' 

81 . 

•82 

1 

84 ; 

85 

86 

87 

•89 

■ 7 

•90 

•91 ; 

93 

94 1 

95 


97 1 

•98 

99 

1-0 

1-02 

•s 

1 03 

1 1 04 

1 05 

1 07 

1 08 

1 

09 I 

I 1 10 1 

11 

1 13 

1-14 

•9 

115 

1*16 1 

1*1S 

1-19 

1-21 

1- 

22 

1 23 1 

25 

1 26 

1-28 

1-U 

1-29 

1 

1-31 

1-33 

1-36 

1-36 

1* 

37 

, 1-3S [ 1 

r 

40 

1-41 

1-42 


ZS'.B. — ^It 'tnll be observed that all the acid is virtually expressed in terms of acetic, 
which of course involves a slight inaccuracy. One per cent of acetic acid (or acid equal 
thereto) is allowed for as being normally present. 


The Process. — ^Take 50 c.c. of the beer freed from carbonic acid (by 
da jibing repeatedly from one ^ige beaker to another), and ■warm over 
hteam, stirrmg Tvith a glass stirring-rod But do not boil, because acetic 
acid would evaporate Then cool and put into a porcelain dish, adding 

ammonia gradually, trying the mixture with litmus papers of both 

colours, and noting the point at which neutrality is reached In the case 
of the acid beer, above mentioned, 27 2 c c. was required to produce 
neutrality. 

Then 50c c. having been taken, 100 c.c. would take 54 4, the datum for 
total acidity. 

We nest proceed to get the fixed acid, and shall then be able to arrive 
at the volatfie acid by difference. 

Evaporate 50 c.c of the beer over a water-bath to dryness, make up to 

N 

about the original bulk, and test with ammonia. Supposing it takes 

20‘6 c.c. to neutralise the acidity, this = 41 2 for 100 c c. (50 c c. having 
been taken). 

Subtracting 41*2 from 54*4 we get 13*2 (as representing the acidity due 
to volatile acid), and arrange the foUowing Rule of Three sums : — 

1,000 : 41*2 : : 9 = *370, fixed or lactic acid, 

1,000 : 13*2 : : 6 = *079, volatile or acetic acid, 

or *449, total acid Upon r^eiring to Table HI., taking the nearest index 
figures giv^, viz., 43, i.e., looking first along the *4 column and then down 
the *05 column to the point where they meet, they will be seen to corre- 
spond to a “ spirit indication ” of *59, which on reference to Table I. (and 
taking the near^t demmal, viz., *6} is seen = 1*8 d^ree of gravity lost. 
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So that we now have 1072'3 (found by dUtiUatiunj — 1*8 = 1074' 1 degrees, 
or 26*7 brewers’ lb., original gravity. 

Analysing the Solid Besidne (Dry Extract) of Beer. — ^\Vc will nowr go 
back to the beer first dealt with, and separate the constituents of its solid 
residue. The first step is to take 25 e.c. of the beer, evaporate it to dry- 
ness, cool in desiccator, and weigh. Say we evaporated in glass basin 
No. 2, the weight of which = 23 203. If we now find the residue -p pan = 
24- 7 15, the weight of the residue = 1 512. Multiplying this by 4 (to bring 
to a percentage, 25 c.e. having been taken) we get 6 048% for the solid 
residue. 

Next we proceed to get the maltose and dextnn, for which deter- 
mination we make use of Fehling's solution, proceeding as before and in 
two stages. 

(a) Before inversion. 

Take 50 c.c. and make up with distilled water to 100 c.c. Suppose that 
9 c.c. precipitates 10 of Fehling Then as 50 c.c were made up to 100, 100 
c.c. would be made up to 200, so the Rule of Three sum is — 

9 : 200 . : *05 = 111 as glucose = Til — 'oo = T66 maltose 

[It wull be remembered that maltose has only two -thirds the cupric 
reducing power or K of glucose, but as it is '05 of glucose which exactly 
reduces 10 c c. of Fehling, the correction mto maltose, where the sugar is 
maltose, has to be made by addmg the half.] 

(3) After inversion (to determine dextnni. 

50 c c are taken and 50 c c of water added with 3 c.c of sulphuric acid, 
and the whole is boiled for 3 hours After being neutralised it is warmed 
and shaken up with ammal charcoal to decolorise, filtered, and the filtrate, 
care being taken to wash the residue carefully, made up to 250 c c 

tSuppo^se 5 c c. reduces 10 c.c. of Fehling , then50cc havii^ been mat le 
nil to 250, at the -same rate lOU c.c. = oOU and the Rule of Three sum w ill 
be — 

5 : oUU 0.) — 50 maltose and destnn expressed as glucose. 

The next step is to multiply 1 titi l»y = 1 74, which means that 
the 1 titi of maltose determined is now represented by 1 74 of glucose 

Then 5 — !• 74 = 3 26 From this must be deducted to set the 

lu * 

dextrin eq^uivalent ; thus 3 26 — 32 = 2 94. the percentage of dextrm 
in the dry extract 

[Owing to there being sometimes a difficulty m reading the exact point 
of precipitation, the gravimetric process, as before described, may give 
closer results than the volumetric here used ] 

To determine the Albommoos Matter. — 10 c c. of the beer is made 
up to 100 c c. with distilled water, and of this 10 c c.only (= 1 c.c. of the 
beer) is taken to be ‘‘ Nesslerised.” It is added, as in the case of malt, to 
a good-sized fiask two-thirds full of water, and connected with the con- 
deiiser. The first distillates are Nesslerised, to ensure that the water is 
free from ammonia, and then the permanganate-potash solution is added 
as before. After addition successive distillates of lOO c.c. are obtained, 
the first of which we will suppose to be diluted to 500 c c , the others being 
Nesslerised undiluted. 
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In each, case 50 c.c. are Ivesslerised. 


(1) 100 to 500. 

50 took 3 5 = 35*0 

(2) 100 undiluted 

50 

95 

7*0 = 14*0 

(3) 100 

50 

9 * 

3 5 = 7*0 

(4) 100 ,. 

50 

95 

3 0 = 6*0 

(5) 100 „ 

50 

95 

2 5 = 5*0 

(6) 100 

50 

■5 

1*75 = 3*6 

(7) 100 

50 

99 

50 = 1*0 

71*6 


The calculation, tlien proceeds on the basis that as each c.c. of the 
ammonic-chlonde solution = *00001 gramme of ammonia, and as 71*5 c.c. 
thereof Trere required to produce the tmts Trhieh the distillates from 1 c.c. 
of the beer gave with Xessler, each c.c. of the beer = ‘000716 gramme of 
ammonia, or 100 ce. =*0715 gramme of ammonia, which X 5 2 (the 
constant factor) = *371 albuminous matter per cent. 

Acidity has also to he taken into account, but as its determination has 
already been described, we will assume it to stand at 1C9 fixed and *012 
volatile. 

Then we have — 


Maltose . 

Dextrm . 

Acidity . 

Albnmmous matters 
Undetermmed (ash, etc ) 


1 66 
2*94 
*181 
•371 
*896 


6*048 


N.B — ^The albuminous matter is higher than normal • 01 per brewers’ 
lb. or 0‘22% has been considered allowable (but cf p 63 for a much 
higher rate). The ratio of dextrm to maltose is also higher than usual m 
the dry extract of fimshed beer. 

Detenninatioa of Extract in Flaked Maize.* 

(1) Take 100 grammes of ground malt. Digest for 3 hours at 70° F., 

use 1,000 c.c. tube or ounces measures. Filter bright and bring 
the specific gravity to about 1,003 This liquid will make the 
necessary mashing liquor, providing nearly 40 oimces liquid to 
work with. 

(2) Wei^ out 50 grammes of Flaked Maize. 

(3) Mash the 50 grammes maize with 300 c.c. of your diastatic solution, 

which has been heated to 150° F. Maintam for one hour at 
150° F. Make up to 500 c.c. {not 515“ c.c., as in the case of malt 
analysis), with the solution described in (4). 

* K'.B. — The xeason why the multiplyirig factor fox a lO*}^ solution of flaked maize 
is 3 32 instead of 3 36, as in the case of the analysis of barley-malt, is that the liq[nid 
concentration of the former material is lower The Tolnme occupied by the so-called 
grams’’ in a 10^^ solution of flaked maize is 2 5 The necessary adjiistment to obtain 
the factor for flakes ” is obtained as follows when the solntion is made up to 200 c c. — 

200 - 2-5 = 197 5 X 3-36 « 

200 “ 

To obviate the use of four figazes 3’32 is employed. Although strictly speaking the 
factor is it is agreed that 3 32 is snf&ciently accurate for the purpose. 
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(4) Take what remains of your diastatic solution and hear it ii\ a flask 

to 150" F. Maiutain at this temperature for 1 hour, canoorrent 
with the 50 gramme mash. Then cool as nsiial. Take spaeiCis? 
gravity at 60' F., and employ this liquor for making (3) up to 
the mark. 

(5) Calculate as follows : — 

Specific GraTity of mash = 1,033*50. 

jj of diastatic solution after 1 hour at 150" F. = 
1,003. Then 1,033*50 - 1,003 — 1,000 = 30*5, 
and “30*5 X 3*36 == 102*48 brs.’ lbs.'' per quarter of 336 lbs., 
or 30*5 X 3*32 = 101*26 brs.’ lbs." 

Moisture Determmation in Flaked Maize. 

Weight of dish = 13*673, 5 grammes maize = 18*673. Weight 
after 5 hours in oven = IS* 16 
.*. 18*673 — 18*16 = *513 X 20 = 10*26^o moisture. 

Water Analysis. 

We can now proceed to the analysis of one average sample of water, 
(i) The fii’st step is to get the Total Solids. 

Take two portions of the water (100 c.c.or TOc.c. each) and evaporate 
over a water-bath to drraess (linallv drving the residue in drvins-oven 
at 115" to 120" C.). 

[70 c.c. is a “ miniature gallon ” in which milligrammes correspond to 
grains of the full gallon. If 100 c.c. be taken, then 


solids ill milligrammes X 7 


grains per gallon.] 


The water not being very saline we will operate upon 100 c.c., and 
evaporate two portions each of 100 c.c. in our evaporating basins [the best 
things, however, are platinum dishes, but large ones are costly], which, 
when empty and properly dried, weigh, let us say, 31*063 and 31*42 
respectively. 

Then, if the first weighing gives 31*09 ; 31*09 — 31*063 = *027, and 
the second shows 31*447, which — 31*42 = *027, i.6., in each ease 27 
milligrammes. 


Then 


27 X 7 
10 


18*9 grains of total solids per gallon. 


[One residue can now be tried with a drop or two of hydrochloric acid ; 
efiervescenee will indicate carbonates. 

The other is kept for the Qualitative test for nitrates and nitrites. 
Or the first may be kept for soluble solids.”] 

(ii) Meantime 4 beakers, each containing 500 c.c., should have been 
placed on a sand-bath to partially evaporate. Two of these will be used 
to determine the sulphuric acid present as sulphates, the second pair for 
determining the lime and magnesia. We will return to these later. [It 
is recommended to do these operations in duplicate, as they check one 
another, at aH events, till accuracy in manipulation is obtained.] 

Nitrates and Nitrites, Qualitative Test for.— W ash the total solids of one 
dish with distilled water (very little, as they are very soluble), and put 
into two small test-tubes {about half an inch depth in each). 

(oc) To one test-tube add sulphuric acid, rather more than the liquid 
already in the test-tube. (This is done in order to concentrate the minute 
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q^uantity of nitric acid, which it does by uniting with the water ; and it 
must be done under the tap to prevent the nitric acid from being 
volatilised.) 

This being done, add very gradually and carefully, drop by drop, 
ferrous sulphate, so that %t rests upon the svirjace of die mixture. Then, 
if a brownish ring appears at the point of contact, this indicates nitrates. 
If the nitrates are high, the ring is blackish. 

(p) To the other test-tube add one drop of ferrous sulphate without 
sulphuric acid. Similar rings indicate nitrites 

We now return to the four beahers, evaporating on the sand bath 
(st^ iL). 

(a) The two sulphate beakers are to be acidified with hydrochloric 
acid, a few drops, untU the precipitate of carbonate of lime is dissolved. 
When reduced to one-fifth, add saturated solution of barium chloride. 
Go on heating till the precipitate settles. Pilter through Swedish filter- 
paper Dry precipitate (with the filter-papers) m drying-oven ; ignite 
over Bunsen in platinum dish ; cool as usual. [N B. — ^The baric chloride 
must be slightly, but only sli^tly, in excess ; that it is m excess can be 
ascertained by testing the filtrate with silver nitrate solution, and then, 
if barium chloride be present, % e , not converted mto barium sulphate, 
which remains on the filter paper, there will be a curdy precipitate of silver 
chloride. After this the ffltrate may be thrown away. If there is any 
difficulty in getting a clear filtrate, it is recommended to introduce a 
minute quantity (hah a mllhgramme) of pure starch immediately after the 
barium chloride, which conglomerates precipitate, and adds practically 
no inorganic residue] 

For brevity’s sake we only calculate out one beaker here. Suppose 
the total weight = 14'238, from which we have to deduct 14‘216 for 
platinum dish -f '003 for the filter-paper, then *019 of barium sulphate 
remains, i e , (500 c.c having been taken) *019 X 2 = 038 in htre, which 
is the same as 038 grams in 1,000 grains. Seeing that a gallon = 70,000 
grains, *038 X 70 or 2* 66 represents the barium sulphate in grains per 
gallon. 

We have now to get at the amount of anhydrous sulphuric acid which 
this sulphate represents, the equivalents being baric sulphate BaS04 = 
(137 -f 32 -i- 64) = 233 ; SO3 = (32 + 48) = 80. 

Then the Rule of Three sum will be — 

233 • 80 . : 2*66 : a; = *913 grains SO3 per gallon. 

(^) The two lime (and magnesia) beakers. 

Add a few drops of hydxochloxio acid to dissolve the precipitate, then 
a few drops of strong solution of ammonia, enough to render it just 
ammoniacal (which will prevent the soluluon by HGL of the oxalate of 
lime, which is formed later). 

Add a few drops of oxalate of ammonia (saturated solution), and heat 
gently for half an hour. Whmi the precipitate has settled slope the 
beaker, and run a drop of oxalate of ammonia down its side ; if a pre- 
cipitate forms at the point of contact, add more oxalate of aunwrinTiia. imtil 
no such precipitate occurs. 

Bilter throng Swedish paper, but the filtrate veto be kept to test for 
magnesia. 
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The precipitate is to be ignited in the platinum diab (where two 
beakers have been taken, each ^ter- paper shoidd be ignited separately awfl 
the results averaged) until reduced to whitish ash. The oxalate of Inuo 
will now have been converted into carbonate of lime (and some oxide of 
lime, from loss of carbonic acid). Therefore treat with a few drops of 
carbonate of ammonia solution to restore the carbonic acid, iising gentle 
heat. Weigh, then again add a little more carbonate of ammonia solution 
till the weight is constant 

Suppose the first weighmg gave 13*241 and the second and third 13*240, 
we take the last, "viz., 13 240 — 13*140 (weight of platinum dish) = 1 
gramme of carbonate of lime in 500 c c. 

• 1 X 2 X 70 = 14 grains per gallon as carbonate of lime (i e total 
lime in terms of carbonate). But as we do not yet know how much lime 
IS really present as carbonate, the CaCOg will have to be calculated into 
calcic oxide CaO, to w*hich end it must be multiphed by 56 and divided by 
100, or shortly X *56, on the equivalent principle. Ca = 40. C = 12, 
Og = 48 = 100, and Ca = 40, O = 16 = 56. Then 14 0 CaCOg corre- 
sponds with 7 84 CaO. 

Testing for M^nesia. — ^The filtrates kept from the lime beaker.- are 
first concentrated by boiling, then cooled. About 5 c c of a saturated 
.solution of phosphate of soda is now added, and the whole made strongly 
ammoniacal by the addition of about its own bulk of strong ammonia (it. 
however, it is made faintly ammoniacal at first the precipitation wiU be 
better). Filter again after twelve hours’ stand, and wash the precipitate 
with ammonia solution (made of \ strong ammonia and ' water) It may 
be a wise precaution to test the filtrate from the waskmu with a iew drop*- 
of silver mtrate to showfreedom from ammonium chloride : if tiiere i- anv 


white precipitate (of silver chloiide) the washing should be continued 
Then the filter -papers contaimng the re«idues. after being diitd in the 
drying-oven, are to be burnt in the platinum dish ^calcined to whiteness;. 
Very careful weighing is required, as a single milligramme makes an 
important difference We wiU suppose that two precipitates have been 
igmted, of which we take the average. One weighs 13 ^48, t^e other 
13 149, which, less 13 140 for the platinum dish and *00*2 for the niter- 
paper, leave *006 and <X)7 re'-pectnely. Then *006 , 2 , 70= s>4, and 
*007 X 2 70 = 980, of which the mean is *91 

This is pwophosphate of magnesia, Mg 2 Pi.O, or structurally 


fMgOl 

tMgO/^sOs 

llg2 = 48, Po = 62, O, = 


112 = 222, and •!iig=24, 0=16;-®°’ 


Therefore 


•91 X 80 
222 


= *32 gtaios magnosic oxide (ilgO) per ganon. 


Chlorine (Chlorides). — ^This is estimated by using a standard solution * 
of silver mtrate of such a strength that each c.c. corresponds to one grain 
of pblorinft per gallon of the water under inspection, if 70 c,e. of the latter 
be operated on. 

The presence of chlorine is immediately indicated by a white pre- 
cipitate of silver chloride, but to ascertam the exact point at which all the 


• 4*79 grammes of nitrate of silver (dried ia air-bath at lOO* C.) dissolved in 1 litre 
of water. 
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ffhl or ipe has become combined w itb the silver, use is made of the fact that 
silver forms a red precipitate with chromic adid (chromate ot silver), 
though less readily than it forms silver eblorde, giving a w'hite precipitate, 
with chlorine. 

The process is as follows. 70 o c. of the water is rendered yellow with a 
crystal, or a few drops o^ solution of chromate of potash. Then the 
nitrate of silver solution is nm m from a burette till the red colour just 
hegms to be permanent. 

We will snppose T 2 c.c is run in before that point is reached , and this = 
1*2 grains of chlorine per gallon. 

[Care must be taken ihat neither water nor silver-nitrate solution is 
acid, as acid dissolves the silver chromate. Acidity should be neutralised 
or rather more than neutralised with carbonate of soda.] 

Soluble Solids. — ^The determination oi “ Soluble Solids ” and of the 
“ Insoluble Solids ” (by difference) affords a valuable clue to the general 
constitution of . tbs water The soluble ‘solids,*’ in tact, comprise 
generally the alkaline salts the salts of magnesia and the sulphate of lime 
(which is far more soluble than the o^bonate). 

The insoluble solids are almosf identical wnth the carbonate of lime, 
probably -f- a httle sUica. 

Wheu the soluble solids ^jAlflrriy to be fairly high, w*ash with distilled 
water one of the pans containing ‘‘ total solids ” (evaporated m the first 
operation), being careful to mb round the pan thoroughly with a glass 
stimng-rod, which has a short piece of india-mbber tubing fitted to its 
stirring end. Tilter and evaporate filtrate in a tared glass dish, or 
platinum dish. Dry in a drymg-oven, and weigh with the usual precau- 
tions (cooling in desiccator, etc ). 

When, however, the soluble solids are not likely to he high, it is better 
to make a fresh evaporation, taking 500 c c , which we will suppose done 
in the present case. Otherwise the manipulation as before. 

Then suppose the weight deducting that of pan = *03 gramme (30 
milligrammes). 

*03 X 3 X 70 = 4*2 grains per gallon. 
i.e., Insoluble solids 14 7 
Soluble do. 4*2 


Total solids 


18*9 (foimd in Operation i.)> 


Precipitate on Boiling. — ^Boil 500 cc. for one hour, keeping the beaker 
filled up to the original level with distilled water. Tilter and dry pre- 
cipitate between watch-glasses at 105° C. [We will assume the weight of 
the watch-glasses, thoroughly dried, = 12*723, and the weight of the filter- 
paper, unignited, = *64.] 

Cool in desiccator and weigh. 


Then suppose gross weight = . 
Deduct glasses 12*723 1 ^ 
Filter-paper *640 j * 


13*454 

13*363 


*091 (from 500 e. 

*091 X 2 X 70 = 12*74 grains per gallon. 

(This corresponds with temporary hardness.) 


0 .) 
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2!abp1ati'ng abovB Rdsolts. — ^lany analysts content thciuselves with 
stating results got as above, on the ^oiind that such a method states 
actual facts and does not lend itself to cookery ; but, on the other b«r>d, 
it does not enable even the practised chemist to see at a ^nce what the 
exact character of the water is, and, of course, is utterly valueless to the 
inexperienced. 

Therefore it seems preferable to combine acids and bases in the form 
of the most probable combinations, and this we may now proceed to do 
with the results before us. These results (all in grains per gallon) are — 


Total solids 



18*9 

Soluble 



4*2 

Precipitate on boiling 



12*74 

Total hme as CaO. . 



7-84 

Magnesic oxide, MgO. 



0*32 

Chlorine . 



1*2 

SO3 ... 



*913 


Then, as there is too much SO, (anhydrous sulphuric acid) for 
saturating the without overplus (80 parts SO3 take 40 parts MgO), 
the acid may be combmed with some of the lime. [And note that, 
speaking generally, the tendency is towards the most insoluble compounds, 
viz., to a combination of SO3 with hme rather than magnesia, if both 
bases are present] 

Then '9 13 SO3 will combine with *039 CaO (SO 50 . : 913 j to form 
sulphate of lime, of which we accordingly have 1’35 gram per gallon 
Then deahng wuth the rest of the lime , 7 84 — 64 (taken as sulphate) 
= 7 2. 


— - — 1 = 12 86 Lime as carbonate (CaCO,). 

56 

CaO CO, 

[Or it mav be calculated thus 56 44 7 2 = .5 66 CO^ carbon dioxide 

to combine with the CaO (to form calcic carbonate CaC03 ) 7 2 — 5 66 

= 12 86 ]. 

The 32 MgO is to be expressed as carbonate Then as 4<J MgO unites 
with 44 COo, *32 will unite with *35 CO2 = 67 iIgC03 (carbonate of 
magnesia). 

The ohldpine 1 2 is multiplied by the factor 1 647 to bring it mto 
common salt (sodio chloride), its most probable combination, and = 1*97. 

[The factor 1* 647 is got on the equivalent principle Chlorine = 35*5. 
Sodium = 23. 27aCl (sodium chloride) = 58*5. Then 58*5 — 35*5 = 
1*647.] 


So we have — 

Sulphate of lime ..... 
Carbonate „ .... 

Carbonate of magnesia 
Chloride of sodium 

Silica and undetermined (water of hydration) 


1*55 

12*86 

*67 

1*97 

1*85 


18*90 
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]ja the above analysis the silica, etc., is perhaps somewhat high, hut as 
it and the carbonate of lime together agree remarkably closely with the 
insoluble solids,” while the other constituents total up very closely to the 
** soluble solids,” the analysis may be taken as substantially correct. 

In applying the qualitative test for nitrates and nitrites, the water had 
appeared free from the latter, and with only a trace of the former, so that 
it hardly seemed necessary to combine any of the lime with niMc acid. 
But if the nitric acid should be considerable (see Indigo process, p. 165), 
note that it combmes more readily with lime and magnesia than with soda, 
and that the Buie of Three sum (to get the amount of CaO or MgO to be 
added to the ascertained amount of nitric acid) would be — 

108 . ascertained nitric acid : . 56 (or 40 for MgO), 


and the result + the asoertamed amount of mtiic acid = nitrate of lime 
or magnesia, as the case may be). 

Seeing that nitnc anhydride N2O5, as compared with sulphuric anhy- 
dride SO3, combines in the proportion of 108 80, and as compared wi^ 
carbonic anhydride CO2 in the proportion of 108 . a given quantity will 
obviously saturate less lime than either of the other acids , consequently, 
if an appreciable quantity of those bases be combined as nitrates, the 
result will be an increase of the total solids actually determined. In other 
words, the carbonates of lime and magnesia will not be decreased by nearly 
the total of the mtrates. 

Carbonates of Soda and Pota^. — Crenerally, if determined, they are 
calculated as the former, though really, if potash be present as carbonate 
in any quantity, a considerable numerical error is introduced by so doing 
This simpler, but hardly correct process, is as follows. 

500 c.c.is evaporat^ to dryness, washed and filtered, though if care- 
fully ignited, the magnesic carbonate, if present, is rendered insoluble, 
while the carbonate of soda passes through the filter after successive 
washings. 

N 

Then to the filtrate sulphuric acid is added, and the excess titrated 


10 


2 ^ 


back, after rewarming, with ammoma, which gives greater accuracy. 

Suppose, then, to a filtrate of a considerably alkaline water, prepared as 
N 

above, 11*5 c.c. of sulphuric acid is added, and after the warming of 
N 

the mixture, 6 c.c. ammonia is required to produce neutrality. 

- - N 

Then 5 5 c c. sulphuric acid will have been neutralised. 

N 

5*5 X 2 X 70 = 770 or 77 c.c. normal acid per gallon. But a htre 

(1,000 c.c.) of normal aoid= 53 grains carbonate of soda (because 53 grains, 
half the total atomic we^hts of !Na2C!03, as m the case of oxalic acid, 
makes a btie of normal 27a2C!03). Accordingly the sum is, 

1,000 : 77 : : 63 = 4*081 grains per gallon, reckoned as NagCOg. 

[Note that cochineal is a much more delicate reagent than litmu^. 
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because carbozdc acid does not mask its indication , liuwever, tlie 
evaporation to dr^mess should have got rid of all cubonic acid.] 

Xhe Harilnftss of a Wafer is generally determined by the “ Soap Test,*’ 
originally devised by Dr Clark, of Aberdeen, a test \duch, tho ngh some- 
times decried because of the instability of the standard solution, is yet 
capable of giving very useful, and probably accurate results, if the solution 
be frequently standardised. This is one of the easiest things possible 
to do. 

The test rests upon the basis that salts of lime and magnesia react upon 
soluble soap to form insoluble oleate, stearite, or pahnatite of hme or 
magnesia, or, in other Trords, that it is only after those salts have become 
saturated that a permanent lather (one capable of lasting five minutes) is 
obtamable upon shaking the ^’ater in question up trith a solution of soap. 
To make the test quantitative, the soap solution is made of such a strength 
that each c.c. contains exactly soap enough to be neutralised by 1 miUi- 
gramme (0 001 gramme) carbonate of lime. The quantity of vrater used 
is the miniature gallon, 70 c.c., m 'which milligrammes correspond to grains 
in the actual gallon. Thus, by reading off the number of c.c. of soap 
solution required to produce 'the permanent lather (less 1 c c. as a correction 
for that which even distilled water reqnires) we arrive at 'the degrees of 
hardness — i e , grains per gallon reckoned as carbonate of lime. 

Before making the soap solution it is necessary to have for stan- 
dardising it a stable solution containing exactly *001 gramme (1 miUi- 
gramme) of carbonate of lime in each e.c 

Standardising Soluiioa for Soap Test. — Pure calcic chloride is heated 
just to redness in a platinum crucible, cooled in the desiccator, and 1* 1 1 
gramme taken (=1 gramme carbonate of lime) and dissolved in a litre of 
distilled water , or 1 gramme of powdered marble or Iceland spar may be 
taken and dissolved in slight excess of dilute hydrochloric acid, vhich is 
after'vrards neutralised •vnth a slight excels of ammoma Whichever is 
taken it is to be made exactly up to a htre with distilled water. 

The Standard Soap Solution.’*' — 10 grammes purest Castile soap are 
dissolved in a litre of ■weak (35 °o) alcohol < methylated spirit ■will do;. 
This should make a solution corresponding very nearly with the test 
solution. To try it, a measured quantity of the lime solution (say 10 c e ) 
IS put into the ‘‘ miniature gallon,” which is then filled ■with distilled water 
to 'the 70 c c. mark This 70 c c. is then put into a larger flask of say 200 c c 
capacity, and the soap solution added ; then the flask is shaken and laid 
uponitsside If the soap solution is accurate, exactly 11c c. (= 10c c for 
the standardising solution and 1 c.c. for the distilled water) ■will be required 
to produce a lather capable of persisting for five mmutes. Obviously, it is 
best to 'try with less of 'the soap solution to begm •with, as it may require 
dilution to make it exactly correspond. 

The testing of the actual ■water is performed in the same way (the soap 
solution having been ascertained to be correct) and similarly the number 
of c.c. of the water taken, minus 1, will represent ■&€ degrees of hardness 
reckoned as oarbona'te of lime. Kb'te, ho'vrever, that if 70 c c. of the 
water require more tban 16 c.c. of soap solution (i.fi-, with all ■water more 
than modeiatdy hard) it ■wiH be advisable to dilate the water with exactly 

* Anotber recipe is green at the end of this chapter, one ■which is said to heep 
better. 
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twice, tijiice, or four times its bulk, as the case may be, and then to take 
70 c.c. of the dilated floid, of coarse multiplying the o.o. of soap solution 
taken by the ^are of the dilution. 

WftTilniMwt ajier Soiling. — some of the water be boiled and 70 c.c. of 
the cooled filtrate be tried with the soap solution, the d^rees of haaxiness 
after boiling vrill be ascertained, by deducting which from the total the 
hardness wMeh disappears on boiling is found by difference. These are 
otherwise known as the Peimanmit and Temporary Bardness, the former 
being due to sulphates of hme and magnesia, the latter corresponding 
fairly closely, thou^ not exactly, to their carbonates. 

ObjectuBis made to the Soap Test and Precautions — ^Magnesio Salts. — 
Apart from the instabihty of the soap solution itself, objections have been 
made on the ground of the very ditierent behaviour of salts of lime and 
magnesia (the two chief factors of hardness) towards the soap solution, as 
weh as because of the obvious fact that expressing one in terms of the other 
would lead to error. But it is really in the different way in which the salts 
behave respectively that the chief safeguard is found. Thus lime salts 
react immediately, magnesia salts only after a lapse of time, so that it is 
quite possible to produce a persistent lather before all the magnesia salts 
are decomposed. But on letting the mixture stand a little and shaking 
it up again, the lather, in the presence of magnesia salts in quantity 
enough will vanish. [At 70" C = 158° Fahr this difference is not 
apparent.] 

Professor Wanklyn gets at the magnesia salts in this way, precipitating 
the hme salts by adding powdered oxalate of ammonia to the water (about 
1 gramme per litre), which is then shaken up for a minute and filtered. 
He tests the filtrate to ensure the absence of free acid, and likewise with 
a little of the oxalate to ascertain that all the lime salts have been got rid of 
(precipitate otherwise of oxalate of lime), and then titrates 70 c.c with 
soap solution in the usual way. But owing to the fact that approximately 
1 ^ equivalents of magnesia consume the same quantity of soap as 1 of lime, 
the result got (number of c.c. of soap solution — 1) has to be multiphed by 
the fraction va to give the actual quantity of magnesia in terms of 

, . ■ . 2 84 (MgCOo) 1 14. 

oarWteof magiKaa-..e., 3 x J = 25- 

Free and Albuminoid Ammonia in Water. — ^This process is conducted 
on somewhat si mi la r lines to that given for determining the albuminons 
matter in malt, which is indeed only an adaptation of the water process — 
only, in, the case of water, the determination is made in two parts. First, 
the ammonia already existic^ m the water in the form of “ free ammoma ” 
is ascertained and recorded ; then, the residue is boiled with a solution of 
potassic permanganate and caustic potash (the lattmr immensely in excess), 
whereby the organic matter is converted into ammonia, which can then he 
distilled over and estimated. 

It will be remembered that the test depends upon the depth of the tint 
produced by adding a small quantity of l^essler's solution (very sensitive 
to ammonia) to the liquid, this tint l^ing matched by Nesslerising side by 
side with it an equal bulk of water to wMeh a standard ammonia solution 
has been added. Then the quantily of ammonia added being calculated 
from the amount of ammonia solution, taken to produce hhe matoh-tint, 
this gives the amount in the original liquid. [Note that, as the Nessler 
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does not react immediately to its full extent, the 50 e.c. cylinders in which 
the distillate is caught, as well as the comparison cylinder, should stand 
an appreciable time, say two minutes, and ti^t before the operation begins 
the apparatus should be copiously washed, seeing that all surfaces long 
exposed to the air are liable to attract traces of ammonia therefrom ; but 
ordinary good tap- water will do, though it is recommended to rinse out the 
retort ^t with strong hydrochloric or sulphuric acid. Of course the 
subsequent water-rinsing must then be continued till no trace of acidity 
remains.] 

The Process. — ^500 c.c. of the water is taken and placed m the retort 
(carefully poured through a funnel). The retort is then connected with 
the Liebig's condenser (or Dr. Graham's glass arrangement of it), and when 
all the connections are properly made, the flame of a Bunsen burner 
applied to the naked retort, so that it plays upon the surface of the latter 
up to, but no liigher than, the surface of the Uquid. The cold water con- 
nections are made, and cold water started flowing through the outer tube 
of the condenser, in order to condense the vapour which comes over. This 
hquid is now caught in the measured 50 e c. cylinder, and Professor 
■Wanklyn recommends that this first 50c c. should alone be Nesslerised for 
free ammonia, because although the next 150 c.c may also contam some 
and is therefore to be distilled off (to concentrate the liquid as well), the 
first 50 c.c invariably, he says, contain To'^o of all the free ammoma, the 
total of which can accordingly he got by adding one-third of that shown 
by the first Xesalerising to the said result. If the free ammonia is likely 
to be higher than is consistent with fair puritj* (above OS parts per miUion 
is a sign that the water in question consists uf diluted urine m a very 
recent condition "), yet not in. great execs'-, it may be better to distil over 
150 c c. into a measured fla&k. isesslerise 50 c c of it, .ind maltiply the result 
so got by 3 If the tree auiiiiun.ia i^ lu meat excess the uater mu^t be 
diluted la carefaily a-- ertaiae l p»roportiun« with luini-ofi'it-fru <li»tilled 
water oJi-tdle-l water boiled with "ome caihciiate of '-jda and terrous 
sulphate to get rid of the ammoma 

We will, however, -suppose that only the tii't ."»U c c is Nesslerised, the 
next 150 c e distilled over being thrown away At thi- point the flame is 
removed teiapniai.K , and to the 3uOc c lelt lu the letort (half a litre was 
originally taken) 50 ce of the itotash-peimanganate solution is carefully 
added. The ria«k is now not unlikely to bump violently enough to cause 
a fracture sometimes, which bumping a lew pieces of well-igmted tobacco- 
pipe (clay) put mto it will tend to moderate At least three successive 
quantities of 50 c e each must be caught and Nes&lerised ^for albummoid 
ammonia) ; in fact, the Nessierising must be continued as long as the 
Xessler when added to 50 c.c distillate strikes a decided tint 

We will suppose, then, that in the first Nesslerising (before the addition 
of the potash-permanganate) a tint was produced which it required 2 c.c 
of ammonia solution m the comparison cylinder to imitate. [Then as 
500 c.c. IS operated on all results must be multiplied by 2, and it will be 


remembered that each c.c. of the ammonia solution corresponds with 


milligramme or *00001 gramme of ammonia.] 

^ Then 50 c.c. book 2 e.c. and 3 c.c. X 2 = 4 c.c. = ‘OOOOd gramme am- 
monia, hut add one-third. Then* 00004 '0000133 =s‘0000533 gramme or 



:>08 BREWiyG AND MALTING 

■0533 milligramme or parts per million. [N.B. — litre contains a million 
milligrammes.] 

We will suppose that 3 oylmders (of 50 c.c each) are Nesslerised after 
the boiling with potash-permanganate, a fourth giving no coloration, and 
that 

1. 50 took 2‘25, then 2*26 X 2 == 4*5 

2. 50 „ -76, „ *76 X 2 = 1*5 

3. 60 „ -6, „ -5X2 = rO 

(50 free) = 7’0 c.c. 

= '00007 gramme ammonia, or *07 part per million albuminoid ammonia. 

The OcQ^gen Piocess (Oxygen reaoired to Neutralise Organic Matter) is 
performed in different ways. Thus the moist combustion process, as 
^ofessor Wanklyn calls it, is carried out by means of four solutions — viz., 
(1) permanganate solution, each c.c. of wMch contains 1 milligramme of 
active oxygen {ie , ten times the strength of the solution subsequently 
given) ; (2) protosulphate of iron solution, of which 1 c.c absorbs 1 miUi- 
gramme of active oxygen ; (3) solution of caustic potash ; (4) solution 
containing sulphuric acid. 

The same retort as was used for the ammonia process having been 
cleaned and mounted, is charged with 1 Ltre of the water. Before the 
distillation begins 5 c.c. of the caustic potash solution is dropped into the 
flask or retort, and then 6 c.c , very carefully measured of the perman- 
ganate solution is also dropped. Distillation is then rapidly carried out 
until about of the water has distilled over. Then 10 c o . of the sulphuric 
acid solution is dropped into the retort and shaken up with the remaming 
100 e.e. of water therem. Then 5 c.c. of the protosulphate of iron solution 
IS dropped m, and very soon the liquid, which before was pink, wiU become 
colourless from absorption of oxygen by the iron solution. Now more of 
the permanganate solution is dropped from an accurately graduated 
burette, and the quantity which isj ust sufficient to bring back a permanent 
pink noted. This quantity 2 6, 3 6, or whatever it may be, represents the 
quantity consumed by the organic matter in a litre of water, and as each 
C.C. represents '001 gramme, 3' 6, for instance, would be 0036, which X 70 
= *023 grains oxygen required per gallon. 

A more elaborate plan is tbe so-called Foichammer Process, which 
necessitates several standard solutions, e g., potassie iodide, hyposulphite 
of soda, and starch solutions, the latter two being, especially the hypo- 
sulphite, very unstable. Permanganate of potash solution of such a 
strength that 1 c.c. =*0001 gramme oxygen (the strength used in the next 
modification) is also requir^, and the test turns upon the fact that, after 
the pink colour has been established in a manner very like that adopted 
in the first example, it is again discharged by the sedition of potassie 
iodide (2 drops of the solution are first added) in favour of a yellow colora- 
tion by free iodine. Just so much iodine is set free as corresponds with the 
permanganate previously undecomposed, and this is measured by em- 
ploying the hyposulphite of soda solution, which parts with some of its 
sodinm to form sodic iodide. A comparison is then made between, the 
r^ults got with the actual water and those got with an exactly parallel 
one made with distilled water, and the quantity of o::^gen calculated from 
the difference. !llie starch solution mentioned has been used to ensure the 
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disappearaiLce of the last trace of free iodine, the presence of which it will 
show by the characteristic blue iodide-of-starch tint, and the hyposulphite 
is accordingly cautiously added until the exact point is reached at which 
this tint no longer appears on the addition of starch. 

This process being, for an oxygen process, both complicated and 
lengthy, and being equally, wnth others, open to the charge of inaccuracy 
(protosalts of iron and mtrites into the bargam, see pp. 74, 75, aSect its 
determinaticns), exact working details are not given, and we will proceed 
to — 

The Permanganate and Oxalic Acid Oxjgen Process.— Take *3955 
gramme of powdered potassium permangauate, dried at 100' C. : dissolve 
in distilled water and make up to a htre. Then 1 c.c. of the solution 
contains *0001 gramme oxygen. 

Test Mluthn for the above. Dry between blotting-paper -TSTo 
gramme of pure oxahc acid. Dissolve and make up to a litre. 

Two burettes should be filled, one with the permanganate, the other 
with the oxalic acid solution. Into a beaker containing about two tea- 
spoonfuls of distilled water and 12 drops of sulphuric acid run 25 c.c of the 
oxalic acid solution and warm on sand-bath Add about 2 c.c of the 
permanganate solution, and warm up again till the colour gees. Then run 
in gently, drop by drop, more permanganate, of which 25 c.c. ought to 
produce a faint pink colour. The correctness of the permai^anate 
solution having been thus tried and proved, the water may be tested 

Take 500 c c. of the water, add 2 c c. strong «alphur:e acid, ■narni over 
sand-bath, and run in. permanganate gently till tne t.nt ^)eca!nes per- 
manent Suppose that 2 e c of the permanganate solution prud j..e a 
permanent pink tint. 

We now run in .tit excess of the pennangaiitte soUitioii aiy c.c i and 
heat the mixture up to nearly boutng, otter uit.ih enough oxalic acid 
jsolution ’» added j a-t t> » destroy ti.e punk 'N B — Be careful not to .I'M 
the oxalic acid «oliitu'.n. too fast, otherwise a browni-ii e-tiuration will be 
produced’ Suppo.*!* it takes 4 y .■ e.of the.. xaLc acid 'ol!.it'<»n.tr.en 1 c c. 
more of the pern.ang..nate Las been required b^* the organic matter, cr 
2 1 c c. together. 

Bat 2*1 cc =*00021 gramme oxygen, and W021 2 7o r= f*294 

grains of oxygen required per gallon 

Testing Hops for Sulphur Salphaiotis Acid . — X portion of the sus- 
pected hops, mixed with some distilled water is placed in an ordinary 
chemical flask, fitted with an india-rubber stopper perforated for a funnel 
and delivery tube, and a piece of pare zinc is added to the contents of the 
flask The stopper is then replaced, and the delivery tube connected with 
a second flask containing a aolution of acetate of lead (sugar of lead). 
SuMcient hydrochloric acid is uow poured down the funnel to react upon 
the zinc and set hydrogen free, which if sulphurous acid be present takes 
the form of sulphuretted hydrogen. This, passing into the flask con- 
taining the lead acetate solution, causes the formation of a black precipi- 
tate of lead sulphide, whereas, of course, if the gas evolved be simple 
hydrogen no such precipitate occurs. 

Alternative rndhoi. Owing to the fact that zinc not unfrequently 
contains traces of sulphur sufficient to vitiate the result with unsulphaied 
hops, the following method has been recommended. 10 grammes of hops 

B.]i; p 
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are placed in a 20 oz. floisik with 200 o.c. of diatilled water ami a Htick of 
caustic potash. Boil until the hops axo thorouglily mixed, tlion reinovo 
flame, and add half a winoglassful of hydrochloric acid gradually. Re- 
place the flame, and let the steam pass into a flask with a foot, containing 
60 c.o. of a solution of lead acetate (made by dissolving 600 granuncs lead- 
aootate in 2 litres of water). 

A meffitod adopted by Dr. Qriossmayor requires sodium-amalgain 
and hydrochloric acid. [Tlie sodium-amalgam is pr<»i)anxl as follows. 
100 grammes of mercury aio taken, and into tliom aio thrown gnulually 
4 grammes of well-dried sodium, from wliich any white crust that forms 
has beenremoved. As each particle of sodium oombincis with tlui moniury 
a slight explosion takes place, sometimes suilicLont to throw the mercury 
out of the mortar. When working them together with the jK’wtle it is well 
to protect the face and hands ; the best plan porliaps is to pass the liandle 
of the pestle through a stiff sheet of paper, which servers to cover the 
mortar.] The process is as follows. 

The hop-liquor (got by steeping a portion of hops for some houm in 
water) is liUterod, and about lOU c.o. of it })laced in a iiask or test-glass 
From *6 to *7 gramme (as much as will lie on the point of a knife) of the 
sodium amalgam is now thrown in, and a strip of paper moistened with an 
alkaline lead solution suspended in it, after which a few drops of liydro- 
ehlorio acid are poured in. The flask is now quickly closed, but not 
h&rmeticc^. with a cork or glass stopjjor, and within five minutes, if the 
least quantity of sulphurous acid bo present in the samjile of hops, the 
lead paper will bo blackened 

An easy plan of detecting sulphuring, if one possess some long silvered 
pins, is to thrust one or two up to the head in a pocket of the sus])octed 
hops, and to leave them there for sumo time. If the suspicion was well- 
grounded the silvered surface of tlio xuns will blacken 
Moisture in Hops. 

(1) Weigh 6 grammes hojis. 

(2) Dry in water oven for 6 hours. 

(3) Cool in vacuo. 

(4) Weigh. 

(6) Calculate to per cent , as in the case of the moisture in malt. 

“ Constants ” are factors used to convert one (acid or) salt into ti'rms 
of another salt (or acid). A few of the more useful for the foregoing tests 
are annexed. 

“ Constants.” 


CaCOg (Calcic Carbonate) 

X 

•S6 

to obtain CaO (Calcio Monoxide or 
Limo). 

Mg*I **07 (Pyrophosphate 
of Magnesia) 

X 

•0.390 

9 > 

PjOs (Phosphoric Anhy- 
dride). 

Soj (Sulphuric Anhy- 
dride). 

X 

1-7 

>9 

SaCOf (Calcio Sulphate). 

01 (Chlorine) . 

X 

1*647 

ss 

ITaCl (Sodio Chloride or 
Common Salt) 

OaCOg (Oaloio Carbonate) 

X 

1-36 

99 

CaSO^ (Calcio Sulphate). 

CaS 04 (Calcic Sulphate) . 

X 

•41] 70 

99 

CaO (Caloic Monoxide). 

Agd (Silver or Argentic 
(Monde). 

X 

•iOlO 

9 » 

Nad (Sodio Chloride). 


* But it can bo bought icady prepared. 
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SO* (Sulplrano Anhy- x 1*776 
dnde). 

BaSO* (Banc Sulphate) . x *343347 
BaSO* „ „ X *68369 

(or m) 


to obtain Na*SOt (Sodium Sulphate, 
-Anhydrous). 

„ SO* (Sulphoiio Anhy- 
dride). 

„ CaSOt (Caldo Sulphate). 


Standard Solutions : — 

Nitrate of Silver (for Chlorine), 4*79 granuues nitrate of silver (dried 
in air-bath at 100° 0.) dissolved in 1 litre of "water 

Nessler’s Solution. — 35 grammes iodide of potassium, 13 grammes 
corrosive sublimate (meroury perchloride) 

Dissolve separately, with heat (N.B — ^The corrosive sublimate dis- 
solves with difficulty), and mix. Add distilled water, but not more than 
800 c.c. and 160 grammes caustic potash, or 120 grammes caustic soda, 
maki ng up to a htre. Before the potash is added, a cold saturated solution 
of corrosive sublimate in water is to be added till a permanent red pre- 
cipitate is formed. The “ Nessler ” should be yellaunsh in colour. 

Ammonia Solution (for Nessler Test). — ^Dissolve first 3*15 grammes 
ammoninm chloride in 1 litre of ammonia-free water. Then take 10 o.o 
of the above and make up to 1 litre (i e , the second htre contains *0315 
gramme, and each o.o of it = *01 milligramme of ammonia) 

N-B. — ^This dilution of the stronger solution is likely to be more 
accurate than making up the solution -with *0315 gramme would be, but 
that can he done at once if preferred. The weaker solution is the one used. 

Potash and Permanganate of Potash. — ^200 grammes of stick caustic 
potash, 8 grammes permanganate of potash (MEade up to a htre.) 

If dissolved in about 500 c.c first, and then evaporated almost to 
dryness in a porcelain dish before dilution to a litre, all ammonia wiU be 
expelled. 

Soap Solution (sec p 205) 40 parts of dry potassic carbonate 

rubbed in mortar with 150 parts of emplastrum plumbi (British Pharma- 
oopceia), methylated spirit being after-w-ards added, and the whole 
triturated to a cream. Filter, washing residue several times with methy- 
lated spirit, and dilute with same to the required standard (to be stan- 
dardised as before with calcic chloride) 

Litmus Solution : — 

I. About 10 grammes of tlio solid material are digested with 600 c.c. of 
distilled water in a warm place for a few hours The clear liquid is 
decanted from the sediment and a few drops of nitric acid added — enou^ 
to produce a violet colour. If at any time the colour should partially 
disappear it may be restored by exposing the fluid to the air in an open 
dish. 

n. “ A purer solution,” Sutton says, “ may be prepared as follows : 
Boil the litmus, previously reduced to coarse powder, two or three times 
with alcohol of about 80 per cent., and throw the liquid so obtained away 
(this treatment removes some colouring matter which, is a hindrance to the 
proper reaction), then digest the litmus repeatedly with cold distilled 
water till aU soluble colour is extracted, let the minced washings settle clear, 
decant, and add to them a few drops of concentrated sulphuric acid until 
quite red, then heat to boiling ; — this will decompose the alkaline car- 
bonates and convert them into sulphates ; — ^now cautiously add baryta 

r a 
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water until the colour is I'estorcd to blue or violet ; lot tlxe baric sulphate 
settle perfectly, and decant into a proper vessel for use. 

Xiitmus prepared and kept in this way is very sensitive to dilute acids 
and alkalies. With the slightest excess of oxalic, sulphuric, hydrochloric, 
or nitric acids it gives a pink rod, and with caustic soda or potash, a blue 
colour ; with ammonia or the hicarbonatod alkalies it retains its violet 
oolotur.” 

Baxioed’s Solution. — [Though this solution is not indicated for us<» in 
the present chapter, its mode of preparation is given below, because it is 
claimed that it indicates dextrin and glucose — the former after a somewhat 
prolonged boiling but glucose on a short boiling — but that it is not 
reduced by maltose or lactose. J 

One part of crystallised neutral acetate of copper is to bo dissolved in 
16 parts of water, and 200 c.c. of thLs solution are mixed with 5 o.e. of acetic 
acid, containing 38% of anliydrous lusid. The solution contains about 1 
of free acid, and was used by Barfoed in the place of Feliling’s st>lntion, 
the mode of preparing which has been given at the bogiuning of tlio 
chapter. 

Moisture Determination. — ^In Hcu of a deicu^ini nation by diflorenoc* in the wciglit 
of a measured quantity of ground-up grain, before and aitez prolonged drying and 
then cooling m a desiccator, the following method, whotoby the inoiutiiio is moasurod 
as water and grinding avoided, has boon devised by Hoffmann Into a largo znotal 
bulb fitted with a thermometer a funnel witli tap and a oonclenac‘r leading into a 
graduated oylindci% are placed, iirst, 200 c c of good lubm^ating oil with lO c c 
oil of turpentine, and to this are added 100 grammes of grain 'I’lio whole 

IS then well shaken, the condenser and gtadiiated cylinder aio attached, and the 
oil heated to 180® C within 8 minutes, for a period varying fiom 3 to 8 miimtes witJi 
the kind of gram Then through the funnel 60 o o of oil of turpentine c^ontaining 
6% toluol are added ; this reduces tomporatuics which m raised to 180“ again as 
quiokly as possible. It is found that tho graduated tube will now contain all tiio 
water that was m the gram, except 0'2 o c. rcunaining in tho oil ; so that th<‘ nutnlx^r 
of c.o. of water in the graduated cylinder 4- 0*2 will give tho percentage of tnoisint o 
which the grain contained. 



CHAPTER VUI 

HYZ>BOGJEN ION OONGBNTBATION 

any iixcLustry so old as tbiat of brewing changes in methods and manipu- 
lation proceed slowly and almost imperceptibly. A new t3^e of refri- 
gerator may be introdnced, the collection and storage of yeast placed upon 
a higher scientidc plane and other modifications of plant or process 
gradually substituted for the old without these involving any alteration in 
the basic process of brewing. On the other hand, with regard to our 
conception of the principles underlying the process, changes may be 
sudden, and new theories may develop so rapidly that it is difficult to keep 
pace with them. During the last fifty years brewing history is punctuated 
by a series of such changing views, ranging from an explanation of mash- 
tun conversion to yeast metabolism and attenuation, views which 
necessitate for their adequate appreciation a familiarity with the theories 
of enzyme action and a knowledge of colloid chemistry. The mash-tun 
and fermentation vessels which were in Tise before l^ese theories were 
evolved still serve their purpose, but the biochemical and biological 
actions takmg place m their contents are much more thoroughly under- 
stood and are therefore amenable to more perfect control. The theory of 
Hydrogen Ion Concentration to be discussed m this chapter has been 
applied to brewing problems with almost startling suddenness, for the 
theory itself is a product of the comparatively short while that has elapsed 
since the publication of the former edition of this book Not only is it 
brewing science that is affected by a new outlook upon old processes, but 
every branch of science and every industry dependent upon biological 
processes is similarly affected. This is because of its importance to the 
living cell and its bearmg upon all that relates to the welfare of cell-life, 
be it a cell existing as a separate entity like that of the yeast plant or a 
blood corpuscle, or a cell forming a unit in a complex multicellular 
structure like either the barley plant or the human body. As a brewer’s 
wort results from the action of solublising cellular secretions upon insoluble 
materials, and the attenuation of the wort upon other and living cell 
secretions, the physical conditions which so profoimdly affect the cells 
themselves must necessarily have intimate bearmg upon the whole process 
of brewing. 

It has been known since Pasteur’s time that the reaction *’ of wort is 
an influencing factor in the fate of a brew, but it is only since the mtro- 
duction of methods for measuring hydrogen ion concentration that we 
have learned how minute are the differences in reaction (as hitherto 
measured by chemical means) which decide the nature of the wort and 
even affect the weight of extract obtainable from a given grist. An acid 
reaction is a normal characteristic of a finished beer, but small differences 
in the development of substances which give this reaction affect saleability 
and may become a deciding factor in the balance of profit or loss. Acid 
bodies, whatever may be their origin, contain hydrogen, but moreimpor- 

2ia 
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still is tho fact that in solution a part or ovon tho whole of their hydro- 
gen is dissociated from tho romaiixdor of the inoleculo and is prcHont in a 
free state as shown in tho examples given ixslow. AU iwsidH are chictrolytos, 
that is, they axe doooniposahlo by an electric cuiTciit, and it la to the tlu^ory 
of deotrio ^aooiation, or tho ionic theory, that wo imiat look for a basis 
upon which to establish tlio terms acidity and reaction lucutioiuxi above. 

The Ionic Theory. — ^U’he assmnptioiw of tliia theory as elaborated by 
Arrhenius, are as follows * — 

(1) When an elootrolyto is dissolved in waUu’, its niolecidos arc immo- 
diatoly moro or loss ooniplctely dissociated into sinalU^r fiugnients, 
or ions, of unlike composition : ilCl- ^lL-\ (^1. 

(2) These ions are ohargod with electricity ; the ioiw of the one product 
are ohargod with positive, the ions of the other with negative 
electricity, tho unit positive charge biMiig equal m quantity, but 
opposite in kind to tho nt^gative e.harge : Hdl- H ' 1- (51 . 

(3) The dissociation is a rovemiblo ludiou, H01..,'^ll' j (51 . This 
equation can bo typified as 11 Ae.ir IL' -|-Ao , where 11 is tho 
hydrogen ion and Ac the iuudi<i ion For <vxatupl<i, acetic acid 
dissolved in water may bo represented by 

0H^C5OO in which the negative ion is repiesented by a group 
of d-omonts. When an electric ourront is passed tlirough a 
solution containing ions the positive ion apjieai's at tho negative 
polo or kathodo and is termed a kation * the iiogativoly cliargixl 
ion travels to tho positive polo or anode aii<l is known as an anion 
Electrolytes ore couiplotely ionised at minute dilution. 

Acids of difioront kinds dissociate to diiToring extent , hydroelilorie 
acid and some other mineral acids dissociate vtsry strongly, or, m oth(‘r 
words, more completely tlian organic acids Acetic aiul latitio acids which 
occur iu beor dissociato to quite a small extents and on this iuseount they 
are termed weak acids ; carbonic acid aiul bone acid arc also weak acids 
It should also bo observed that “ strong ” and “ weak ” arc not synony- 
mous with “ ooncentratod ” and “ diluU^ ” ; the latter terms having 
reference only to the amount of acid ami not tlunr property of ionisation. 

Acidity, Alkalinity and Reaction. — It is to the jiositive hydrogen ion 
in solution that tho property known as lujwlity is duo Asolutionof acetic 
acid contains dissociated H', and CJtLjCOO ions, together with un- 
dissociated CHjCXlOH, but it is tho concentration of tho H ' ions which 
is a measure of the effective acJidily or reaction. 

Alkalinity is explained similaxly. A base when dissolved in wator 
dissociates into basic hydroxyl ions, tho boso carrying a positive chargo 
and the hydroxyl ion a n(^ativo charge of oloctrioity : NaQ H!~*~ Na ' + 
0H“. Here again it is to one of these, tho hydroxyl ion, that elective 
dUcidmiby is due. There axe strong bases Uko sodium and potassium 
hydroxides, and weak bases, of which ammonia is an example. 

It is stated in assumption (3) that dloctrolytos axo oomplotely ionised 
at injSmte dilution. Those weak acids which dissociate to only a slight 
extent continue to undergo dissociation os dilution proooods, and at any 
given dilution the oonoentration of hydrogen ions produced is in aocoid- 
ance with the law of mass action. The ratio of the product of the concen- 
tration of the hydrogen ions H and the acidic ions Ac ' , to tho oonoen- 
tration of the undissooiated HAc is known as the dissociation constant of 
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that particular acid and itj represented by the symbol K : that is K = 
— [HAcJ The same equation may be applied in the case of a base, 

K==[B=J]x[OH+]. 


[BOH] 


Thus there is always a dejSnite relationship between 


the ionised and the non-ionised molecules m solution. 

As examples of the degree of dissociation exhibited by different acids 
and alkalis, in the case of a decinormal solution of the strong acid HCl, 
91 per cent, of the hydrogen is dissociated ; of the weak acid OH^COOH 
only 1‘3 per cent. A decinormal solution of the strong alkali NaOH 
dissociates to the extent of 84 per cent., whilst a corresponding solution of 
NH^OH only to 1*4 per cent. As previously mentioned, it is the concen- 
tration of the free H+ or the OH“ ions which imparts the characteristic 
properties of acidity or alkalinity ; in other words, the degree to which a 
solution possesses either property is dependent upon the concentration of 
the free or available hydrogen ions or hydroxyl ions respectively. 

Neutrality. — ^Now our universal solvent water is itself an electrolyte. 
It dissociates according to the foregoing equation, HOH 
but it does so to an exceedingly small extent Although there is an almost 
infinitely large mass of undissociated HOH and an almost infimtesimal 
proportion of ionised HOH, the H+ and OH ions are not without 
measurable effect, and it is to these that water owes its behaviour as a 
conductor of electrical current. Sorensen has determined electro- 
metricaUy that one litre of pure water at 22° C contains one ten-millionth 


gram of hydrogen ions : that is, the concentration of H'*' ions is 


1 

10,000',000 


gram per litre 


1 

10 ’ 


10“’. As the molecules of HOH have been 


equally dissociated mto H^ and OH“ ions, the negative ions OH“ must 
also equal ^ gram per litre, = = 10“’. Here we have a 

XUjUUUjUUU .*U7 


solution in which the H*" ions giving an acid reaction are perfectly 
balanced by OH' ions (which would themselves impart an alkahne 
reaction), with the result that we have a state of absolute neutrality. 

In all measurements of hydrogen ion concentration pure water is taken 
as the standard. 

The Expression, pH. — At any given temperature the product of the 
hydrogen ion concentration and the hydroxyl ion concentration is a 
constant. As the hydrogen ion concentration at 22° C , as determined by 
Sorensen, is 10"’, and as the hydroxyl ion concentration is equal, the 
dissociation constant is 10"’ X 10"’==10"“. At 18° C. it is 10“’*°’ X 
10"’“’= 10““^* , it will tend towards simplification in what follows if 
the value 10"“ is retained. 

It has been stated that pure water always contains hydrogen and 
hydroxyl ions m balanced proportion. With so small a H'*’ concentration 


as 


1 

10,000,000 


gramme per litre, which is a readily measurable quantity, it 


may be easily conceived that it is extraordinarily sensitive to the presence 
of other dissociable substances, as it is. The absorption of traces of 
carbonic acid gas from the atmosphere immediately destroys the delicate 
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Knia.r.r.A of positivo aixd ucgativo ioiia owing to the procliictiou of moi’o free 
H+ ions, as will bo soon from tlio following otjuaiion : — 
COa+H^O^rHaCOali!: H' -l HOO^ 

Such a solution would have a hydrogou ion (ionoontration greator than 
10“’, say 10' ®, and tho solution would bo no longer neutral. Thoro 
would still bo hydroxyl ions present, and thoir ooncontration may bo 

10 

calculated from the dissociation constant 10 ^ -=■ 10 *•. 

It will be appreciated that whether uso is made of tho fnwjtions 

A ei sea,, or thoir logarithmic oquivalouts 10 

10 , 000 , 000 , 100 , 000,000 “ ’ 

10“ ® ei it involves tho manipulation of unwieldy liguros, which are 
altogether unmanageable in tlio iiroduotion of graplis. Sorensen over- 
came this diflBlculty by adopting tlio symbol pH. to denote tho “ hydrogen 

ion exponent ” or “ hydrogen ion conoontration.” pH, or, jis it is now 
more frequently written pH, is tho logarithm to tho base 10 of H ' but 
with the negative sign omitted. Thus 10 ’ becomes pH 7 , 10 » = 
pH 3 ; 10“^® = pH 13, tho numerical value of pH decreasing witli 

hydrogen ion concentration. A scale illustrating tho series of 
pH values from 0 to H, e.g , within tho limits of tho dissociation constant 
10“^^, may bo oonstruotod as follows • — 

pH 0 1 2 3 4 15 6 7 8 <) 10 II 12 13 14 

Acidity- J — - Alkalinity - - - 

HCl^ moH^ 


Neutrality 

The following table illastratos in another way tho relation of pH values 
to the strength of hydrochloric acid and sodium hydroxulo solutions — 


TABLE I. 


Stiongth of solution 


Normal HOL 
1/10 N HCL' 

1/100 NHCl* 
1/1000 N Hcr 
1/10000 N HCl- 
1/100000 N HCI 
1/1000000 N HOI 
Pure water 
1/1000000 N NaOH 
1/100000 N NaOH 
1/10000 N NaOH 
1/1000 N NaOH 
1/100 N NaOH 
I/IO N NaOH 
Normal NaOH 


(Iranunos of hjiIioKcii 

MV|Hi‘SSP<l 

per lilie 


1-0 

10 “* 

0-1 

10 “i 

0-01 

10 -; 

0-001 


0 0001 

10 “ 

0-00001 

l 0 -‘ 

0-000001 

10 -* 

0-0000001 

10 “’ 

0-00000001 

10 “" 

0-000000001 


0-0000000001 

10 " * 

0-00000000001 

10 " 

0-000000000001 

10 "‘* 

0-0000000000001 

10 “ 

0-00000000000001 

KT** 


I'll 

valuo 


0-0 

1*0 

:2-o 

0 

4 0 
5-0 
6*0 
7 0 
8-0 
9-0 
10-0 
11-0 

13- 0 
13'0 

14- 0 


Buffer Action. — So far we have considered only the behaviour of acids 
dissolved in water in the absence of way substance which might interfere 
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with, the full actiyity of their dissociated ions. A great many substances 
have the property of attracting to themselyes hydrogen ions which are 
then, of course, no longer free ; such substances axe called “ buffers.” 
They are, in point of fact, reaction regulators which prevent rapid changes 
in the hydrogen ion concentration upon the addition of acids and 
alkalies. Many salts, particularly acetates, citrates, borates, phthalates 
and phosphates exhibit this property to a marked degree, wMlst amino- 
acids, peptones, beef extract, malt extract, gelatine and other complex 
organic substances act in the same way. In contrast with the rapid 
alteration m pH value which would occur in the case of absorption of COg 
from the atmosphere by pure water, a buffered solution like a malt wort 
or beer may remain exposed to air for a considerable time without under- 
going any change from this source Any noticeable alteration in the 
latter circumstances would be almost certainly traceable to the activity 
of micro-organisms. Similarly, the addition of acetic acid in small 
quantities to pure water would have immediate effect on hydrogen ion 
concentration and the pH value would be considerably lowered. If the 
same quantity of acid were added to a solution of sodium acetate, the 
difference in reaction, or available cuiUUy, before and after addition would 
be only slight, although the total acidity would be the same in each case. 
R H Hopkins has given an interesting example of the buffer effect of a 
1 per cent, peptone solution on the reaction of lactic acid. 100 c.c. of pure 
water is taken, the hydrogen ion concentration of which is 10"’' (say 
pH 7) The effect of adding 1 o o. of lactic acid will be to increase the 
hydrogen ion concentration to 10 ® (say pH 3 4), which represents an 
mcreaso to over 4,000 times the original concentration of hydrogen ions. 
If, however, the 1 c.c. of N/10 lactic acid be added to 100 c.c of a 1 per cent, 
peptone solution of pH 7, the -hydrogen ion concentration is merely 
altered to pH 6* 7, an increase to 2 34 times as much. Further, if the same 
quantity of acid be added to a 5 per cent solution of peptone, the increase 
IS still smaller, about 1 2 times. 

This buffering action has been simply illustrated by G Hagues, who 
has summarised the effect of hydrogen ions m brewing If a solution of a 
typical buffer substance like potassium dihydrogen phosphate is titrated 
with a caustic potash solution of about the same strength, the variation 
of pH value is influenced as in the following diagram. 
pH 

4 -i KH2PO4 


6 — 



10—1 

KOH titration 
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It will bo noted that that poiiion of tho curvo at about pJH 7 iu 
practically a straight lino and tliat tbo pH value in tliis region alters only 
Hlig bt.ly on tho addition of iu*-id or alkali. This constitutes tho “ builor ” 
effect of a mixture of tbo ]>ritnary and s(tooiijdary |>hoHi)liates of potassium 
and tho oflfioiemey of this buffer actu)n depends on the I’olativo amount of 
tho two substances in tho mixture, 'riio buffer a<5ti<in of wort may bo 
taken to bo analogous to tliis, but the effect will not be so Hhar]>ly delinctd 
and wiU extend over a wider range of jiH value, siiwe many other buffer 
substances aro present. Qiwdiug further from Jlagues, “U’ho effect of 
saline substances, such as calcium carlxnuiki, in bixiwing water will bo to 
noutraliso a considerable quantity of the xnoro acidic constituents of tiiie 
buffer mixture, thus lowering tho free acidity of the mash. Potassium 
dihydrogon phosphate may bo taken as a typical aci<l constituent, and the 
reactions which occur may bo represented by the two eipiatioiw • — 

4 KHaPO^H-B OaOOo^ Ca3(P<)4)3-|-2 K 2 KPO 4 -I :i HaOO., * 

aXHaPO^H-OadOa- dallPO^ 1 K-aHPO^ 1 
Calcium carbonate thus lowers tho free aculil-y by convci’tuig some of the 
primary phosphate into secondary. On tho of.htsr liund, the jircsonce of 
gypsum in tho masliing wat<»r has the rcversi* clfeiit ; mimoly of loivering 
the pH value or increasing the free acidity. In tho reaction which takes 
place calcium phosphate is procipitatoil, whereby some of tlio secondary 
phosphate is changed into primary. 

4 K2HP04-1-3 CaS04= Caj(l>04)aH-2 KHaPO^- 1-« KaSO, 

Similar equations may ho wriltoii down expressing the reactions taking 
place witli organic buffer substaueos. Whilst an okcobs of gypsum is 
detrimental to tho final beer, producing a bitter taste, due to the formation 
of magnesium sulpliato, a small amount is advantageous, it prtHiiiiitatos 
a certain amount of phosphoric twid as oaleiuiii sulpliato, whl<*li is removed 
in tho hop-hack, and which woiihl otiicrwiso o\crt an excessive restraining 
influonco on tho free ac-idity, provontmg the lattor from attaining the 
optimum pH value lor the yeast. As a rule, carhoiuitos in brewing water 
are harmful beoauso they lower tho hy<lrogon-ion coiioontration of tho wort 
and give rise to conditions favourable to the siibs<iqu(‘ut formation of the 
potassium salts of tannin and plilobapheiie.’'' 

The Determination of pH Values, --riiore arc two practioal niothods 
available for tho dctorinmatioii of hydrogen ion coneontration Tho more 
exact, whore applicable, is tbo electrometric mothotl 'I’liis is based upon 
the method of measuring diflorences in electromotivo force sot up by tho 
presence of metallic ions (hydrogen functioning as a motal) in luiuoous 
solution acoordiiig to the concentration ot ions. It involves the use of 
delioately-oonstruotod and expensive apparatus as well as skilful manipu- 
lation. This method and its applications in browing aro lucidly described 
and discussed by H. M. Parsons \\xt\xo Journal of t/ie ImtUvie of Brewing, 
1924, p. 30, in an article which should bo consulted by brewers desirous of 
further information on this subject 

ludicatoxs. — The second or oolourmotrio method doponds upon colour 
changes produced in certain substances by varying acidity or alkalinity. 
These substances are called indicators, and tliey are sensitive to changes of 
reaction within very definite Umits. Litmus, althou^ it has boon found 
so useful in the past, is n.ot a definite compound, and its colour reactions 
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are liable to variations ; its neutral point lies between pH 6 6 and pH 7. 
Pbenolphthalein gives accurate results over its range, whiob is between 
pH 8-0 and pH 9 6, and which, as will now be understood, is considerably 
on the alkaline side of neutrality. Methyl orange has a range from pH3‘l 
to pH 4-4, this being very considerably on the acid side. Sorensen a 
very careful study of the relation of indicators of the sulphon-phthsilein 
series to the pH scale, and Mansfield Clark and others have escpenmented 
in the same direction. Some of these substances and their ranges of 
sensitivity to reaction are shown in the following table : — 


TABLE II. 

ludicator 

Pull A.cid 
Ooloor 

Pull Alkaline 
Colour 

Sensitive 

Bange. 

Thymol blue (acid range) 

Bed 

YeUow 

l*2«2-8 

Brom phenol blue 

Yellow 

Blue 


Brom chlor phenol blue 

Yellow 

Blue 

3-2-4-8 

Brom cresol green 

YeUow 

Blue 

3*8-^*4 

Methyl red 

Bed 

YeUow 

4*' 4-6*0 

Chloi phenol red 

Yellow 

Bed 

5-0-6-6 

Brom cresol purple 

Yellow 

Purple 

6 a-6*8 

Brom phenol red 

Yellow 

Bed 

6-4-7-0 

Brom thymol blue 

Yellow 

Blue 

6-0-7-6 

Phenol red 

Yellow 

Bed 

6 8-8*4 

Cresol red 

Yellow 

Bed 

7-2-8*8 

Thymol blue (alkaline range*) 

Yellow 

Blue 

8 0-9 6 

Phenol phthaloin 

Colourless 

Bed 

8 0-9*6 

Cresol phthaloin 

Colourless 

Bed 

8 2-9*8 


The indicators which have proved most useful m the brewing laboratory 
arc Brom thymol blue, Brom cresol purple, Methyl red, Brom phenol 
blue and Brom crosol green 

Brom thymol blue is a particularly valuable indicator, as its range of 
sensitivity from pH 6 to pH 7 6 includes, of comrse, pH 7, taken as 
neutrality. At this point it gives a well-defined grass-green coloration. 
It finds special use in adjustmg micro-biological media, and, by using the 
“ Biotcc ” comparator * a medium or solution of any kmd may be ad- 
justed %n situ alongside a solution of the mdicator and its colour com- 
pensation tube. Used for testing samples of water or other liquids, this 
indicator gives instantaneous information with regard to the acid, the 
absolute neutral, or the alkalme character of the sample ; it does not, of 
course, give a definite pH value unless the range of deviation from absolute 
neutrahty hes within the range pH 6 — pH 7 6. 

Brom cresol purple has proved more particularly useful in the ezamina- 
tion of natural and treated waters. Methyl red and Brom phenol blue 
serve for worts and beers, although they are in frequent use for estimating 
the pH value of acid waters. The pH value of worts fall withm the Methyl 
red range and that of beers within the range of Brom phenol blue. The 
use of the two last-mentioned indicators is not wholly satisfactory. It will 
be noted from Table II. that there is an overlap of the less acid end of the 
range of Brom phenol blue with the more acid end of Methyl red, and with 
some samples of beer having pH values between 4 and 4* 4, ihepH indicated 
by Methyl red is not corroborated by the reaction indicated by Brom 
phenol blue. Methyl red is known to be unstable because of its tendency 
* Snlletin of the Bureau of Bio-Technology, VoL I , No 9, 1923. 
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pH 

80 

7-8 

7-6 

7*4 

7-2 

7-0 

6-8 

0-6 

6-4 

6.2 

60 

58 

6*6 

5*4 

52 

50 

4*8 

4*6 

4-4 

4*2 

4-0 

3*8 

3*6 

3*4 

3*2 

3*0 


/ 




^ 






Nffl 

/ 


aJP 




V S' 


f 


^ ' 


J 
/' 


-/- 


j$ / 


Ny 




5^ 

VST 


/ 


/ 


I 

a 


AbHolutc nouirali 


Waters natural an«l treated 


to undeigo reduction. Bronx phonol blue is liable to give trouble on 
account of its property of dicliroinatism, aiul Brom orosol groon appears to 
be more serviceable for worts and boor within the range pH 3*8— pH 5*4. 
The chart given below illustrates the useful rang(«i of those indicators. 

INDICATORS APPLICABLE TO BREWING OPERATIONS 

pH 

8*01 

7*8 

7*6 

7*4 

7*2 

7*0 

6*8 

6*6 

64 

6-2 

60 

58 

5-6 

5*4 

6*2 

5*0 

4*8 

46 

44 

42 

4-0 

3*8 

3*6 

3*4 

3*2 

30 


Mash Tun Woit' 


^■rMild Ales 
''■w Hitter JJeciB 


Woils 


Beers 


Wild yoast activity 
Dinstatiu and pi otcolytio activity 
Pitching yeast activity 

^^Sarcina 
Beer stability 

Acotobacter 


Tinegars 


N 


Beaotion corresponding to-|^Aoetio Add. t 


i: 


I- 
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Practical Applications. — A perfect clxeck can be kept upon tbe reaction 
of tbe brewing water by means of tbe colonrmetrio method. WbU and 
river supplies are liable to considerable variation, especially those from 
limestone areas. According to N. M. Parsons, water delivered by the 
Metropolitan Water Board varies from day to day. With regard to the 
pH value, waters vary within rather wide limits from pH 8 on the alkaline 
side to pH 4 5 on the acid side of neutrality- Peaty waters such as are 
supplied by many Northern Corporations are always acid in reaction, as is 
also distilled water. When the brewing water is treated, particularly in 
the case of acid treatment, the method constitutes a valuable check upon 
the materials used and on the rate of addition. Hagues and Hopkins have 
published results indicating the relation of hydrogen ion concentration to 
the mashing process The optimum reaction for conversion appears to be 
5 4 In general practice mash-tun worts varying in hydrogen ion concen- 
tration between 5 0 and 5" 6 are met with. In the P V- the wort exhibits 
a rather rapid increase in hydrogen ion concentration continuing up to 
racking when usual values lie between 3 8 and 4 2. Parsons has deter- 
mined what he regards as a “ safety-point for the stability of beers at 
4 16 but, as pointed out by Professor Xiing, it should be remembered 
that a satisfactory pH at this stage may be due not altogether to the 
constitution of the acidity of the wort but to the acids produced by 
bacteria 

There is little doubt that each brewery will have its own optima of pH 
values at the various stages of brewing and these must be determined for 
each individual brewery before real advantage can be taken of the process. 

Tho wntw IS indebted to Messrs Murphy & Son, Ltd., for pennit»sIon to quote 
'ctonsivoly from ]iis paper on this subject which is published in the Bulletin of the Bureau 
of Bio-Technology, No- 14, 1926 — F.A M. 
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MOJOERN BREWINa METIfO/M 

ObJISOTS XN MaHUINO — RMSTATKMKNT OI.' CjKNKRAli PlU N € *1 !»I.KS AxiOMH APPI.TKI) TO 

Praotiob — ^Noting acirompirm (iitowTu op Mai/p JVIai/p op Avjcra<h4 Diahtatio 
Oavaotey — Modr OP inc;rma.sin<i Dkxtrin Ratio -Staroii <«^RANtri40SM Amyi^o- 
maLXiTTXiOSxa — JDnsxTiitN — ^A myi4c>-, Aniiitoo-, ani> Kr^ tiiro-i>u\.trins MAi4TOMii: — 
ISqxjatioks op Masie-ton <Jhanokh Mai.to-ohxtuik Tukory Kvioknci^ on 
wmoK TUB Theory i» maseo — Isoi4Ation op MAi4To-i>jj:\:TiirN KoRivitri4A — Mor>rpi- 
CATION OP KQtTATlON >SmRIKH -I>MR<* KNTAO E ANO TYI*K OP M A I4TO- 1> RKTRENS, ANJ> 

TJQCjgm InFI^O'JBN’CK LtMlTHO OeCJOC’TIOV - SiuMI-PRI-JPAHKO liAW MATKItlAIi — H ot 

GRTST-MASUINO fcSTOUT AND PoRTKR ( 3 RIHTS — ROWN ANO RaTKNT MAr4T SUB- 

STtTCTTB FOR RAW OR RETURN WoHT 1>K\0 MaSII ES - StAROINO- -UnOERRACK 

— Stbswino — ^BoiLiTno — Auoino the lliips -Steam- itoioiNo ano KiKE-iioii4iNa — 
Open or oiiOSBo Copi^jers — Hot Aeration op Wort 

Origmal' Brewing Methods. — ^Modern Mash-Tun Working. — Many years 
have passed since the system of extract ic> a practised fj^C'ni^rally was to 
obtain a series of washings from the mash-tiiu goods which, for lack of a 
better term, were spoken of as intishings. ” It was usual to drai a the goods 
after standing on for a definite time and botwoon each mash 'J'‘ho aunibt«>r 
usually ran to throe, although sonio brewei*s considered that largo extracts 
were obtained at the expense of cpiality ami aceortlingly limitcNl their 
so-called** mashes ” to two. Kven after the introduction of sparging, the 
method which wo have just briefly outlined still ohiainod, and iiwieed still 
survives, woliavofound, msonio disti’icts, and is not, wo may add, couiined 
to altogether small broworios. Not withstand ing that in the vast majority 
of instances it is now customary to sparge and dram off from the goods ” 
simultaneously wo would submit that despite tlie installation of iinprove<l 
spargers the crude methods of our forofatliers in rosiioct to luiiior calcu- 
lations are still adhered to. Wo will confine ourselves in tlio ]>rosont 
article to discussing this aspect of the question. Assuming the total 
volume of wort which we decide should roach the copper from the mash- 
tun amounts to 6J barrels per quarter of malt mashed, and allowing for 
absorption by the goods, wo must om]>loy 7\ barrels of liquor for mashing 
and sparging, of which 2;}- barrels was used in the former o|)oration. 
Obviously the absorption referred to occurs during the initial mixture of 
dry grist and water, and the point we wish to direct attention to is the fact 
that five barrels, or over three times the volume of liquor used in mashing, 
remains for sparging. And yet this process is considered by many brewers 
a minor one, and is left in the hands of workmen. We agree that the typo 
of extract is determined at mashing, and is practically unaltered by any 
course that may be adopted subsequently, but whether the extract is 
increased and the whole carried forward to the copper depends upon the 
manner in which sparging is carried out. It will, wo think, be granted that 
in order to exhaust the goods thoroughly and to convert the unmodified 
starch, which exists to a more or less extent in all malts and is unconverted, 
at ordinary mashing temperatures, it is necessary to work with at least 
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three separate spargixig temperatiires. The recognised rule is to draw 
upon a hot-liquor tank reserved for the purpose certain prearranged 
volumes of sparging liquor at precise temperatures. Throu^out the 
entire sparging period the bulk of liquor is continually being “ broken 
down ” to the temperature requmed, and as the contents of the vessel is 
thus constantly being altered, difficulty is experienced in gauging the 
quantity of liquor nocossary to bring up the copper lengths. It is seldom 
possible to obtain defimte temperatures when cold water or steam is added 
to large bulks of liquor. It is more of the nature of a coarse adjustment, 
and to finely adjust matters a branch pipe from the cold supply generally 
runs into tho sparging main. This complicates calculations, and as it 
is impossible to know what portion of the sparge liquor is received from the 
branch pipe, accuracy of sparging lengths cannot be obtained The mistake 
generally errs on tho side of excess, which dilutes the available extract, 
the overplus sparge being earned down the wash out pipe. When the total 
liquor is correctly gauged by the method which we will presently describe, 
tiiere is no loss of extract in this respect, the whole reaching the copper. 

Brewenos where a single hot-liquor vessel serves the double purpose of 
supplying brewing water together with that required for general washing 
purposes — and there are many such — ^have the additional handicap of 
being compelled to suspend cleaning operations while spargmg is 
proceeding. 

The only practical method of ensuring regularity is to ignore the tanks 
and to confine our calculations to the mash-tun This is a gauged vessel, a 
fact which has apparently been generally overlooked. When Steel 
invented what was then dt‘,scribed as an outside masher brewers were 
advised to use water at the rate of two barrels per quarter of grLst, and this 
was reckoned to occiqiy tlie bulk of three barrels m any mash-tun The 
same principle is still applied to mashing operations, and it is surprising 
that it has not been extended to sparging, having regard to the difficulties 
associated with tho latter, which we have already dealt with 

The Inland Revenue base their mash-tun calculations on the number 
of gallons of liquid which occupy tho space of one inch, and this informa- 
tion will be found recorded under tho heading of Mash Tun areas in the 
Excise Specimen book, or tho brewer can readily ascertain for himself the 
quantity of water nocossary to cover the depth named, and it is from this 
factor also that tho brewer should form his calculations for sparging 
Wo wiU assume that it requires on an average 23’ 81 gallons in one mash- 
tun and 30* 27 gallons in another to cover one inch. If we divide 36 by the 
above figures wo find that a barrel occupies an area of 1* 6 mohes in the first 
vessel and practically 1 J mohes in the second. Similarly we can apply this 
principle to mash-tuns of any dimensions, and the data being a constant is 
easily borne in mmd. For our purpose and to simplify matters if we work 
out a sparging example based on a mash of ten quarters in the first-named 
mash-tun, it will be sufficient to illustrate our meaning. After sparging at 
a high temperature to raise the initial heat to the maximum decided upon, 
and maintaining the goods at this temperature for half an hour, we then 
proceed to calculate the quantity of sparging liquor now remaining to 
complete our copper lengths. At this stage the grains are in a semi- 
exhausted condition, and measure, apart from the water mixed with them, 
on an average mixed grist, seven bushels per quarter. We have then 70 
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bushds. and conrorting tlxia to gallona, 70 X 8, tho grains occupy a total 
space of 660 gallons, which , divided by 23' 8 1 — ^tho factor for our ficMt mash< 
tun, — ^represents a wot dip of 23* 5 inches for grains alone. Wo have now to 
ascertain what quantity of water is present in tho mash -tun, and it must 
be clear that, as already oxpLunod, every inch and a half in excess of the 
dip just named relates to a certain dolluito number of barrels of water. 

Towards tho close of sparging, by obtaining tho total wot dip of the 
mash and deducting thorcfrom tho doptli occupied by tho grains alone, we 
readily ascertain tho number of barrels of water })resont in the tun. Wo 
compare this with tho longtli of wort alnwuly reached in tho oopjwr, and 
merely continue sparging until tho shortage of sparge liijuor necessary to 
complete tho copper lengths have boon run on to tho goods. It is di/Hoult 
to interpret tho full working details of any practical system when they are 
esplainod on paper, but with a little ])raotico oxacst results can always bo 
secured, in any typo or size of mash-tun. 

The Loss of Ezkaci resulting from Hurried Mash-tun Workup . — Wo 
have carried out a largo number of ox])erimonts, o.xtendiug over a great 
many years, with mash-tuas of various capacities, and are (jonviueod that 
deficiency in extracts, while employing normal malts, is mainly attribut- 
able to hurried mash-tun working. While tho character and composition 
of the wort is formed in a very groat measure during tho lirst lialf-hour 
after mashing, duo to rapid diastatic action on the fully modified portions 
of the grist contents, this does not, however, refer to i,he quantity of 
extract which will be ultimately socurwl from th<i grist 7'ho usual 
standmg on period of two hours is insufficient to gelatinise <ind saeeliarify 
the residue of starch represented by tho so-called “ liard (mkIs ” neci'ssarily 
present in all malts, for reasons which we need not discuss lituc, as they 
were dealt with under “Malting” Higher temperatures are required 
to break down tho oollulosio tissue surrounding tho hard ends wliicli 
has not boon reached by the oytoso during the malting process Hut 
it must bo borne lu mind that lui tho iliivstaso remaining in tlie goods 
while sparging is proceeding is w'cak a rapid increase in tenqMMuture 
to that decided upon would result in starch, or products closely allu'ii, 
in the tap runnings First sparging tomporaturos should therefore 
never exceed 170°, and if possible live degrees lower is preferable. 
In order to obviate tho risk of unduly crippling still further tho residual 
diastase, the speed of sparge and taps should bo arranged that the maxi- 
mum goods “ heat ” is roaohod at not loss than two hours from tap- 
setting, depending, of course, on tho range of <Iogi'oos of toraporaturo 
that separates this “ final ” from tliat rogislorod at tho stage just named 
Experience has proved that satisfactory results aro secured from a final 
goods heat of 168° for bitters and 160° for milds, if those tomporaturos are 
maintained for a further hour It will ho observed that three to throe and 
a-haJf hours have thus been occupied in rendering soluble those portions of 
normal grist which resists tho influence of tho several agencies of change 
which have been at work during “ standmg on.” In other words, all the 
residue of starch which accounts for the difference between a hi^i and low 
extract should, if the oonvorsion has been oarriod out with some dogroo of 
care and skill bo now ready at hand, and tlio remainder of tlie sparging 
process is merely one of washing forward the available extract to tho 
coppers with all possible speed, regulated only by the condition of the tap 
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wort, which should be bright and free from matters in, suspension. There 
are two practical points to be here noted. Until the washing out 
stage is reached the goods should alwa 3 rs be maintained at the depth 
registered at the completion of mashing. Care should be observed, too, 
that the speed of wort running is never under any circumstances accele* 
rated to any extent while gravity is present. A rough but sufficient 
indicator for our purpose is the colour of the wort at tbia stage. It should 
be remembered that the saccharifying medium diastase is in solution in the 
wort, and if the flow is hastened not only will we suffer in loss of extract, 
but starch may appear m the last runnings. When the mash shows signs 
of exhaustion and the gravity begins to wane, there is no necessity for 
further delay, and, as we have said, washing may proceed with the utmost 
speed. The time occupied in completmg the copper lengths should never 
be lower than four and a-half hours, and with badly modified malts, or 
when the diastatic power is low, an additional half-hour is required in 
order to obtam the extract available. There are breweries where it is 
impossible to “ fimsh off ” under twelve hours from mashing unless the 
copper lengths are completed within about three hours from tap-setting. 
But this delay is invariably due to the out-of-date methods of applying the 
hop-splash It IS still customary in quite a number of establishments to 
defer “ splashing ” the hops until the brewing has been collected. The 
water required for washing out the wort retained by the hops should be run 
on immediately the hop-rack is empty, and after a stand of 16 — 20 minutes 
the splash IS carried forward to the coolers without causing loss of time or 
deferrii^ the refrigerating of the mam bulk of wort This system has 
other advantages, which wo have already fully described m a previous 
chapter It would be impossible to lay down definite practical rules 
to follow in connection with sparging and speed of wort runmng, as 
so much depends on plant and class of mash-tun materials employed. 
The following assumed example will serve to illustrate our meaning, 
and if applied to a typical plant with normal malts in use, satisfactory 
results in point of extract increase should be secured The total barrelage 
carried forward to coppers in a 20-qr mash may be taken for our purpose 
at 130 barrels, or at any rate of 6| barrels per quarter. The wort from 
this mashing should bo run off as under : — 


Kate of speed for 20-qrs. mash. 
^ hour at ^ brl. per qr. per hour 


99 

99 


99 

99 

99 

99 

99 

99 

99 

1 

99 

99 

99 

99 

99 

99 

99 


99 

99 

99 

99 

99 

99 

99 

3 

99 

99 

99 

99 

99 


Total brls. 
. 6 
. 15 

. 20 
. 30 

. 60 


4| hours minimum time occupied ..... 130 


The sparging liquor for washing purposes applied during the last hour 
should be run on at a less rate that the speed of iiie wort flow to coppers in 
order that the sparge may be maintained working tmtil the last copper 
length nears completion. 

The objects that the practical brewer, consciously or unconsciously, 

BU. 
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koeps in. view when Htanding by tlio iniiHh-tun, are to got as largo an 
extract from his malt as is cousistout witli quality ; to secure finished 
beers to the point of absohito brilliancy, to sujijfiy bis yoast in the 
fermentation stago with suiliciont siiitikblo food to keep it vigorous, a 
condition which has a good deal to wiy on tlui quastion of cbirifioation, 
without ovor-fooding it ; and litudly, so to regulate tho ratio of maltose to 
dextrin (or according to tho newer lights, the proportion and typo of malto- 
doxtrins) in his wort, that the resulting iluid siiall be what the taste of his 
customers demands — "viz., either a clean alcoholic (vinous) bo(‘r, or one 
which is “ fuller in the mouth,” even, it may be, to an extent that makes 
tho product taste somewhat mawkish and cloying to those who are accus- 
tomed to a more stimulating alcoholic drink. 

And in trutli, between tho two possible extremes lies tli<^ region of 
safety. A boor brewed so as to devc^lop the maximum proportion of 
alcohol (on tlie lines of a distiller’s and viiu'gar brt‘wer’s ” wasli ”), far 
from being stimulating, would taste poor, fiat, and thin ; while, on tho 
other liand, tho retention of a large proportion of unfi'rmi'iited mattt'r does 
not, as might porliaps bo expi^otwl, neces.sarily give tlu^ impression of 
“ body,” — often indeed tho reverse The j)alat<‘, in fact., diunands a 
certain balance of qualities, variable wiiluii somewhat mstneti^d limits 
There must bo “ vinosity,” i.e., a generous j)crc(>ntag(^ of alcoliol, but tlu'ie 
must also bo body to back it up , tlieixi must be, albeit this is a qiu'stion 
with which mashing, as such, has nought to do, men* or h‘ss hoj)-ilavour ; 
and there must bo such a degree of saturation with carbonic acid as ])ro- 
ducos, in conjunction with the other good (pialiii(‘s, 'vvhat is known as " a 
bite upon tho tongue.” Vet all these things aiu as vanity if the bciw will 
not go bright, either spontaneously or upon the omployuK'iit of iiniiigs , 
for so close is tho connection betwwn <‘yo aiul pnlati' iii estimating the 
quality of that article, that it is diilicult to say wliieh s<mis(< takes th(» h'ad. 
Certainly, as far as the general bo<ly of consuiiKu's is coiiei'riuMl, tin* eye 
IB gaining tho preponderance m tho partnership 

We trust wo shall not seem ungrateful if wc viuituro to sugge.st that 
gentlemen to whoso seiontilio researches the principles whie.h uiulerlio tho 
masli-tun changes owe so much of their development, are too jirono to 
consider malt as being of one unvarying quality. They speak as if malt 
digested at a certain tomporaturo (or botwotui certain temperatures), and 
for such and such a space of time, will produce an absolutely unvarying 
ratio of maltose and inalto-doxtrins to dextrin, oixcli computed to tho 
second place of dcoimols. At least — ^tbough, staled thus, tlie absurdity 
seems evident — ^this is what they have tho air of doing 

However, tho operative brewer has grounds for sus]>octuig that al- 
though the factors which ho, standing by tho masli-tuu, is able to influence, 
VIZ , the heat of the liquor used (the “ striking heat ”), tho degree of 
liquidity of tho mash, and the length of “ stand ” after masliing, will have 
considerable mfluenoe on tho constitution of his wort, yet tiial those 
factors, too, which he cannot then influence, viz., tho degree of growth of 
the malt and specially tho temperatures it underwent in drying and curing, 
as well as the character of the original barley, are not loss potent. And as 
practical uniformity of growth, year by year, is tho most easily observed, 
it appears that varying, perhaps widely varying, kilu-tomperatures and 
subtle differences in the character of barley, must ho made responsible for 



MA8B-TUN MANIPULATION 227 

such, modifications of the mashing-process as are needed to attain a 
sufficiently uniform result. 

But whatever the modifications, they are modifications which have to 
be made upon certain lines, and we cannot agree with an assertion, which 
lately caught our eye in a responsible publication, to the efieot that the 
diastatic power of malt had now become so extreme that it was hopeless to 
try to limit it by any variations of temperature. This is “ throwing up 
the sponge ” with a vengeance ; but fortunately practical experience 
demonstrates that it is possible to do so. Such an assertion is only the 
crystallised expression of generalisations as to the persistent flatness of 
beer nowada 3 ^ ; uncontrolled diastatic energy and extreme flatness 
standing, as has been said above, in the relation of cause and effect That 
such a tendency to persistent flatness is universal we can, of our own 
knowledge, deny , that it is even general we find it hard to believe, seeing 
that it is quite possible for a brewer, using material of no especial quahty, 
to produce beers, even of the lightest gravity, capable, when poured mto a- 
glass, of carrying a head which will last for half an hour or more. 

But to do this he must be prepared to modify any hard and fast rules 
which he may have previously formulated, still, however, pajdng due 
regard to the general principles on which his earlier system was fashioned 

Restatement of General Principles. — ^These general principles are based 
on a series of facts (1) That an active principle, which is known as 
diastase, exists in malt, and that it is capable (the malt being ground and 
mashed, and the heat of the mash kept withm a certain range of tempera- 
ture), firstly, of bringing about the liquefaction of aU the starch of the 
grain (and even of large quantities of added starch in the form of “ gela- 
tinised ” rice, etc ), with which it comes into contact, and, secondly, of 
converting this liquefied starch into a t 3 ^e of sugar known as maltose, and 
another body — or mixture of bodies — of a more gum-like and less 
fermentable nature, known by the generic name of dextrin * (2) That 

this diastase, though more readily extracted m an active condition by 
water of comparatively low temperature, requires heats higher than those 
most favourable to its own solution to ensure energetic action upon the 
starch (for malto-dextnn, see pp. 243 — 245). 

(3) That the ratio of maltose to dextrin may vary between 2 parts of 
maltose to 1 of dextrin, and 2 parts of dextrin to 1 of maltose — but not 
beyond these limits (though careful digestion at or below 140“ Fahr. may 
produce maltose in the ratio 4 1 of dextrm). (4) That the nearer the 
initial heatf approaches the lowest permissible limit of 140“ Fahr , being 
subsequently gradually raised, by underlet or other means, some 10“ or 
12“, the higher will be the ratio of maltose to dextrm, and conversely, the 
nearer it approaches 160“, the higher will be the ratio of dextrin to maltose 
with identical malts. 

* The two functions of diastase are so far distinct that its mazimum liquefying 
activity (its “ optimum *’) occurs at about 158® Fahr., and is not destroyed below 200® 
Fahr , while its saccharifying range is from 122® Fahr. (which, or a few degrees higher, is 
its optimum ”) to about 170® — or, in the presence of soluble starch, 176® — at which 
it IS destroyed, having long before been markedly restricted. It is almost needless to 
caution readers that the “ optimum is by no means the best from the brewer’s point of 
view 

f Initial heat ” is the term used to express the heat of the mash directly it is all in 
the mash-tun. 
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(6) That the liquidity of the maHli affoots tlio ratio iu a loafi dogroo — 
e.g., that a stiff mash (one inado with loss than two barrels of “ liquor ” to 
the quarter of malt) lessons the normal proportion of maltose ; while a 
“ free ” mash (one made with over two barrels to tlio quarter of malt) 
increases it. (6) Tliat a wort rich in maltose is one that “ attenuates,” 
».e., which has its solid extract broken up duiiiig fonnoutation readily and 
rapidly, tending to yield, in oonHoquoneo, a thin boor, and one in which, 
when the attenuation is extreme, the unpleasant symptom of “ groynoss ” 
is apt to appear. That a doxtrinous wort, on the other hand, does not 
attenuate very rapidly, and that a largo proportion of its solid extract 
remains unbroken up during the primary f(»nnentation, remaining as 
nutriment, gradually yielded, for those tyi)es of yeast which cany on the 
secondary or cask fermentation. Consequently, that doxtrinous boors 
drink ” full,” and if properly formontod, and if the dextrin proportion bo 
not overdone, have condition witli a reasonable amount of iningoucy and 

a bite upon the tongue ” (owing to their being saturated with carbonic 
acid). fTliis should also bo road in the light of the malto-dextrin theory 
as stated on pp 243 — ^245.] 

(7) That for the subsequent nourishment of the yeast, certain 
albuminoid (nitrogenous) bodies are required (peptones and amides), 
differing from ordinary nitrogenous or protein bodies in tlxat they have 
undergone some alteration of character (s g., the peptones are such bodies 
as have undergone hydration, i.e , have taken into combination the 
elements of water through the agency of peptaso), wJioreby they are 
rendered diffusible, i.e , capable of passing tlirougli the thin but continuous 
envelope enclosing the ycast-coll, a property which the uiuiltcred albu- 
mmoids did not possess. Tliat amides (formed in germination and by 
proteolysis at relatively low temperatures) are more assimilable by yeast 
than even peptones are, and that peptones are very slightly, it at all, 
precipitated by heat or by tannin in a slightly acid medium like wort ; 
but that the coagulum observed after boiling and the precipitated tannate 
of albumen mainly consist of unpoptonisod albuminoids, and that peptones 
and albumoses are factors in hoiul-rotontion and pahito-fulness 

The subject-matter of the foregoing eight sections being looked upon 
as axiomatic, the brewer will apply them to practice. Knowing very well 
what class of beer ho wishes to produce, ho will consider tlio quality of the 
malt he has to deal with (and generally tlie character of the whole season’s 
make). If he finds that the malt has a good, old, woll-dovoloped aero- 
spire, and as a consequence of this and of proper kiln treatment is alto- 
gether tender and floury when bitten, ho knows tliat the diastase, and 
probably the peptase, will bo in a pro-ominontly active condition, that 
moreover the starch, being relatively in a very soluble state, will be imme- 
diately acted upon and the conversion be very prompt, the maltose — 
under ordinary conditions — ^reaching a high proportion. 

In such a case he may perhaps have to limit the action of the diastase, 
and this he does by either a high “ striking heat,” and consequent hi^ 
“ initial,” by making a stiffer mash, by considerably reducing the cus- 
tomary two hours’ rest after the mash is finished, or by a combination, 
maybe, of all three. And if he uses a circulator (see Introductory Chapter) 
by working it for a short time only, say fifteen minutes, just long enou^ 
for the wort to run bright. Circulating, as such, unless very high heats are 
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reached, distioctly assists diastatic action, oonseq^uently its adoption 
renders some curtailment of the “ rest ” after rnaahing essential. [A plan, 
which has been found to answer, is to circulate for fifteen minutes, starting 
the circulation ten minutes after the mash — mcluding underlet, if used, and 
one revolution of the rakes — ^has been finished, and to set taps one hour 
after the circulating is over.] 

The extreme limit to which the initial heat may be allowed to rise can 
hardly be stated — so much do circumstances alter cases — ^but it is limited, 
first of aU, by the paramount necessity of providing the yeast during 
fermentation with peptonised food, which can be augmented by the use 
of Malt Extract Syrup (see present page) [166® to 168° Eahr. may be 
mentioned as very high “initials,” in result of which no starvation 
phenomena appeared, and this with a rather large proportion of invert- 
sugar used in makmg up “ length,” which of course reduced the amoimt 
of peptonisable matter.] 

This deficiency of peptonised food, it may be mentioned here, will 
manifest itself by signs (bladdery heads, etc.) dunrg fermentation, which 
will be further referred to in one of the chapters dealing with that subject ; 
but such a fact as that the initial heat quoted above was possible, wi'&out 
such manifestations, renders it probable that the activity of peptase 
increases with the solubility of the albuminoids, just as that of diastase 
appears to increase with the solubility of the starch. Both, therefore, 
largely depend upon the friability of the malt, the restdt of acrospire 
development. 

Dealu^ with Ill-vegetated Malt, perhaps containing an Appreciable 
Quantity of Idlers. — ^With an ill-vegetated malt, on the other hand, a malt 
in which possibly 60% of the grains have the acrospire only half, or less 
than half up their lergth, with an appreciable quantity of totally un- 
germiuated corns, a much more coaxing system will be necessary. A low 
initial, say 140°, raised gradually by successive underlets to 150° Fahr. or 
thereabouts, will go some way towards achieving what is desirable — 
namely, the extraction of the diastase (and peptase) and the gradual 
solution of the starch, which is m a much less tractable condition than that 
of well-grown and properly dried malt The starch of that part of the 
endosperm to which the acrospire has not reached approximates in fact to 
the starch of unmalted grain, although more soluble than that (which 
requires a temperature approaching 212° Fahr. for vta solution) ; indeed, 
as has been mentioned, the starchy portion even of “ lie backs ” or 
“ idlers,” although they have not grown at all, has been somewhat modi- 
fied in the direction of solubihty. 

The Employment of Prepared Malt Extract in Modem Brewing. — 

Although diastatic malt syrup, or prepared malt extract, was introduced 
into breweries, distilleries and vmegar works during the closing years of 
the nineteenth century, its adoption by brewers as a mash-tim adjunct 
was, although extremely slow, nevertheless progressive. In these 
apparently far-off days and up to the close of that epoch of comparatively 
recent date which marked the passing of beers of heavy to modem original 
gravity and saw the introduction of msdt produce of a strength which 
bears only a shadowy resemblance to the national beverage of our fore- 
fathers, there was no imperative necessity to have recourse to prepared 
malt S 3 nup aa a brewing adjunct. Sigh mash-tun extracts were then 
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regarded wiUi suspicion, and os Uxo average prune cost of inalt seldom 
exceeded 6d. per “ brs.’ lb.” the loss involved in a lossontwl extract from 
the grist was not considered a matter of groat eoitiixxcroial importance. 
The original gravities of all the b(M»rs brewed were suflieitnxtly high to 
furnish a sufficiency of yeast nutriment and to mainttun the barm in a 
healthy and vigorous condition. Every browing t<sxt-book of over a 
decade ago laid emphasis on tho oxtnuno technical significance of brewers 
observing that pitching yoast should l)o tho outcrop of what was then 
considered a modium heavy gravity biwr. Under no circumHtJvncos, it was 
generally conceded, was a brewer justified in emi)loying “ store ” or yeast 
for pitching purposes, unless it was obtained from a beer, preferably a 
mild, of at least eighteen “ brs.’ lbs.” 

Circumstances have rovolutioniswl browing methods, an<l tho theories 
propounded and tho safeguards fonnorly adluTod to so rigidly hav(< had 
perforce to bo abandoned. Except in istilaUnl instances, wliere is tho 
brewer that can now redy upon obtaining his piteixing yeast from an 
eighteen lbs. boor ? In hundreds of breweries throughout tho country tho 
highest original gravity upon which those twihnically responsible for t'hoir 
products can draw uponfor their supplies of pitching yeast does not e.\cced 
fifteen brs,’ lbs. Craftsmen of a former gononition would have without 
hesitation doomed it impossible to secure true ]>rinxary termentatxoix witlx 
normal yoast reproduction, as they understood tho ])hrasos, or maintain 
their yeast in a sound and healthy state under suc>h abnormal conditions 
of working. 

The modem operative brewer, as a man of resource, has adapted m a 
noteworthy manner his methods to tho now position, and in ovenionuiig 
the difficulties inseparably connected with tho brewing ol unusually light 
gravity boors, malt extract has played its part 

Tho omploymont of this brewing auxiliary must at present bo regarded 
technically as well as commercially as an esscuitial feature of brewhouso 
practice 

Tho mam functions of malt extract arc : — 

(1) To furnish %n %lself in a pure ooncontratod form not only tho most 
stable and high types of uncoagulablo jirotems but m correctly balanc<‘d 
proportions the mmoral constituents naturally iiresont in fully modified 
malt, thus ensuring for tho yoast all tho cloinonts organic and inorganic, 
necessary for its sustenance and propagation 

(2) In addition to tlio nutrients contributed to wort by malt extract 
itself, the correctly prepared adjunct contains proteolytic cnaymos in 
quantity which act upon tlio proteins present in tlxo malts in tho mash- 
tun, which, togetlier with tho ready formed uncoagulablo and assimilable 
proteins and phosphates, yields not only an ample su})ply of yoast 
nutrients to ensure regularity of fermentation, increased reproduction and 
a healthy, vigorous yeast, but improves tho gonoral character of tho 
finished beer hy (a) conferring an additional roundnoss and fullness on 
tUe palate ; (6) enlianood “ malty ” flavour ; (c) augmented stability ; 
(d) freedom from yeast bite or yeastness, a fault especially prevalent in 
low gravity mild beers ; (e) a close tenacious “ head ” or foam. 

(3) Supplies the liquefying and saccharifying diastases for acting, 
subsequent to gelatmisation, upon the starch present in the uiigormiaatod 
and unmodified portions of ^e barley-grain ("* bard-ends and tins 
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valuable additional extract can be secured in quantity nearer to the 
maximum amount available from this source, especially with present 
season's malts, only bj' the use of a suitable malt extract skilfully prepared 
and correctly applied. 

A brewer who does not use malt extract when employing malts other 
than those of the highest general quality obtainable, must perforce con- 
serve the enzymic powers originally present in the malts in sufficient force 
to complete the mash- tun extraction processes satisfactorily and to obtain 
the exhaustion of his “ goods,” so far as the limitations of normal mash- 
tun working methods will accomplish. If he adopts relatively high mash- 
ing temperatures he may cripple or inhibit enz3nnic action to an extent 
that may adversely and seriously affect starch conversion towards the 
close of the extraction process, and lessening the amount of yeast nutrient 
thus affects reproduction and the ultimate vigour and soundness of the 
ferment. On the other hand, if he employs a relatively low liquid striking 
temperature in order to encourage and accelerate enzymic activity, and to 
furnish additional yeast food, he increases the proportion of maltose and 
low type malto-dextrms in his wort, which is thus rendered more fer- 
mentable and therefore additionally attenuative, yielding a thinner and 
flatter beer, contaiiung, moreover, at racking proteins of a less stable 
character than is desirable. 

The use of malt extract enables a brewer to steer clear of the abnor- 
malities and excesses named and to strike a happy medium, thus reaping 
many technical and commercial advantages over his improgressive 
confrere. It is essential, however, that he apphes the adjunct with a true 
understanding of its functions In common with every other commodity 
and preparation the quality and typo of malt extract vary. There are 
brands on the market which, correcily applied, fulfil in the highest degree 
the claims of this indispensable auxiliary to serve the several purposes to 
which it owes its introduction into breweries, distilleries and vinegar 
factories. 

The Haze in Mash-Tun Worts. — ^There are, generally speaking, four 
main types of haze observable in mash- tun runnings There is the haze 
due to some temporary defect in the filter plates which fault, however, can 
bo detected by the traces of portions of grains or husks suspended m the 
worts, and the matter lends itself readily to adjustment in the succeeding 
brewing. But there is the persistent protein haze — altogether a different 
matter — arismg from the presence of low class nitrogenous substances 
mainly from homo malts. The advantage of securing an artificial barley 
ripening, so far as the term apphes to the reduction of the moisture to a 
uniform percentage is concerned by means of “ sweating all home-grown 
barley on kiln is now regarded as imperative. But although this pre- 
liminary treatment of the barley supplemented by slow and efficient 
germination and withering on floors produces a malt considerably less 
hable to yield a haze in mash- tun runnings, it does not entirely remove the 
cause. The danger of coUeoting hazy worts in copper hes in the fact that 
no Tnfta.Tifi so far devised can eliminate such dubious constituents. Boiling 
with the assistance of sulphate of lime in the brewing hquor will not 
coagulate crude nitrogenous matter, nor will the substances form the 
necessary ** brealr ” by combining with the hop extract. 

The use of an astringent in the form of copper finings is distinctly 
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useful in removing mattcrw lu HUspenMion, l)ul tho value of this adjunct 
does not extend to tlio ollinination of ])rotoin in a form of oxtrcinoly fino 
division. Hot aeration, although oinployod for tho oxidation and subse- 
quent precipitation of resins, may in tho procosH to some oxt<«it carry 
down a portion of tho insoluble protohxs, and Jigitation and aeration during 
refrigeration on a vortical macliino servos in a limited sonso tho same 
purpose. It is hero that tho diluting functions of souiul forcugn malt can 
bo applied witli effect, in conjunction with sugar or llaki‘d mai7.e 

Tho danger of collecting hazy runnings, <iue to th(» cause under dis- 
cussion, is that tho proteins survive all tho several proenssos of clarification, 
and during tho primary fermentation, but twiKicially in tho finished boor 
in cask whore it servos to directly ])romoto tho life action of acwl and other 
disoaso forming bacteria apart from tho fact that tho iiorsistont haze 
renders the beer unsaleable. It follows that all worts should leave tlio 
mash-tun taps in an absolutely brilliant coiulition 

The third cause of hazy runnings is produced by an excess of high-typo 
malto-dextrins. Tlioso may bo produccil by the use of unmodified and 
vitrified malts, a deficiency of diastase, or tho adoption of an exoossivcly 
high mashing liquor temperature. Deficiency in enzymic power in malts 
arises from various causes, but mainly from jirmuature loading and exces- 
sive initial kiln drying tonjioraturos. There are maltstc'rs wlio contend 
that a shortage in diastatic capacity is duo to the ix^stricting olTi^ct of 
unduly severe curing tomperaturos, but if th(» ilrying process has boon 
carried out correctly at low temporatuies and tho moisture expelled to an 
extent that has rendered tho malt “ hand dry ” prior to closing down tho 
draught holes tlio final curing tomporatures can he increased to and main- 
tained at a surprisingly high figure without unduly afTeeting tlu' diastatic 
capacity of tho finished malt 

Formerly with heavy boors tho appearance of a dcxtrmoiis haze was a 
serious matter for many reasons and brilliancy of liuished Ixx'r was not 
obtained until tho doxtrinous conhuit w'as uhIucixI by st*c.onda.ry fer- 
mentation, accelerated by continuous rolling of casks in cellars It is not 
so much a question of tho haze produced by “ dextrin,” so called, but tho 
fact that the oxistonco in excess of high typo malto-dextnns retains in 
solution resins which aro really tho dirixit cause of the haze. 

Nowadays with boors of oxco])tionally light original gravity a dox- 
trinous — or resinous — ^hozo should bo seldom met with inasmuch as no 
difficulty should be experienced with regard to attenuating modern ales. 
Indeed, much of tho prosont-day brewery produce is over attenuated. 

A haze from insolublo starch is liable to make its appoaranoo in tho last 
lunnings, but this class of hazo can bo readily dotoctod by tho application 
of the iodine test. Unless malt extract is employed — and applied at tho 
correct stage — it is certainly unwise to adopt inordinately high sparging 
temperatures with second grade malts. 

Noting Acrospiie growth in Proportions per cent. — ^To notice tho quality 
of the malt systematically is a useful habit, and tho following way of 
recording it may be recommended. Take 100 grains from the sample 
haphazard, and proceed to separate them into a number of little heaps, 
representing “ grains fully grown,” acrospiro three-quarters “ up,” 
acrospire two-thirds “ up,” acrospiro half " up,” acrospiro loss than half 
“ up,” and ungerminated. The numbers in each heap will then give tho 



THE FUNCTIONS OF FOREIGN MALT 


233 


number per cent of the particular degree of growth which the heap repre- 
sents, and this percentage may be registered in the brewing-book. With 
very freely grown, in fact overgrown malt, it may be necessary to have one 
heap containing grains, in which the aorospire is actually through, but this 
ought not to be ; indeed, a uniform acrospire growth of three-quarters the 
length of the grain is about the ideal. 

Hieaders of this will probably be familiar with the old-time test, made 
by throwing a number of the grains on to a surface of cold water, which is 
then slightly stirred. Those which float are the weU-malted grams, those 
which sink are the ungerminated, while those which float point upwards 
are imperfectly grown. It is obvious that such a mode of estimating value 
is very crude, and far inferior in exactness to the count per cent., which 
moreover has the merit of stimulating a habit of exact observation. 

Malt of Average Diastatic Capacity. — ^Hitherto we have taken as 
examples either malt of such extreme diastatic capacity that special 
measures have to be taken to keep that action within bounds, or malt so 
exactly opposite that equally extreme measures, in the opposite sense, 
have to be adopted to secure a wort capable of attenuating sufBioiently 
during fermentation ; but it may very weh happen that the bulk of any 
given season’s malt will be of medium character, having, perhaps through 
some climatic conditions which we cannot easily gauge, a normal diastatic 
capacity with the starch of the endosperm m a sufficiently soluble 
condition. 

Such a malt is of the type most desirable, being the easiest to deal with. 
The brewer using it wiU bo able to obtain a wort m which either the 
maltose or the dextrin preponderates, according to the description of beer 
he may wish to produce, by using in the one case low to medium initials 
(say 150° to 162°), and then bringmg the heat up some five or six degrees, 
and that not too rapidly, or by a rather high imtial (166° to 157°) in the 
second, an initial wliich is simply maintained or not raised to any great 
extent. 

Glenorally speaking, in running beers the maltose ratio will be high as 
compared with the dextrin, the reverse being the case with stock beers, and 
to some extent with the light bitter ales which pass rapidly into consump- 
tion, and therefore are not entitled to be classed as stock ales, but which 
may yet bo occasionally kept (for bottling or other purposes), or which 
often remain for some weeks on draught when sold to small private 
families, and accordingly ought to be brewed somewhat on the Imes of a 
stock beer. 

The Functions of Foreign Mali. — Our purpose is to consider the 
functions, practical and chemical, which foreign malt perform and to what 
extent this substance can be regarded as an essential constituent of mash- 
tim grist. Foreign malts if mashed alone yield lower extracts than 
English, but when mixed with the latter a larger extract is obtamed from 
both materials, due to the buoyancy and consequent better dramage 
secured from the tougher husks, a characteristic of the grain from certam 
foreign countries. It must not be supposed that this feature is present in 
aU barleys of foreign origin, the husks of some being of fine texture and 
similar to that of home-grown grain which dismtegrates readily with even 
careful milling, and both are on a level so far as their drainage qualities are 
concerned. 
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Foreign, malts of the correct typo am of Hi)ooial atlvant»igo now when 
low diastatio values are general. It is not that any deficiency in enzynuc 
activity from homo malts is made good from an oxt5(ws ])i’eH<»nt in foieign. 
Indeed, the converting power of tlio finest tyiKw of fonugn is often low, 
although, of oouTSO, when forcing floor t(nni)eratiutis are employed, as is 
often the ease, and these nmlts are pale dried, liigh diastatio values remain. 
The prosenoe of husky foreign creates huoyaney of the goods, and in this 
direction assists enaymic action by allowing tlie diastase gn*ater fme.doin 
in liquefying and saccharifying tlic stareli gelatinised by the striking 
liquor. When flakod inaizo or rice is employcul large percentages of 
foreign malt are necessary in the mash-tun. 'riu^sc useful and fiopular 
brewing adjimots contain no converting agent, and as they are free from 
husk, a medium that will ov<«rcomo tliis doiwiness successfully, and at the 
same time saccliarify make starch is al)solut(‘ly essential to produce 
satisfactory results. 

But the principal importance attiutluul to the ust^ of foreign malts is the 
punty and high oharactor of the oxtriud they yu‘l<l. Mnglish malts con- 
tain an excess of soluble albuminoids which from thc'ir natun^ aro readily 
dissolved and carried forward to the coppi'r. Now that liglit gravity ales 
(hopped meagrely and of low alcoholic contmit), which an^ rcipim'd to lio 
on draught in a brilliant condition on tlK» <lay of racking, consiituies the 
mam output of the majority of brcweriiw, the stability and brilliancy of 
this class of produce is sjiccially endangcrwl wlien nitrog(‘n in tlie form 
named is present in excess. Of those nitrogenous subsianci's amides and 
ammo-acids, formed from poptoiw's, during gcrmiuatioii ol tlu' malt, and 
also by the action of pe])tase in the inash-tuii readily uu(U‘rgo solution, but 
aro mainly assimilatcid by the yeast during ferinciitatiou It is tlie crude 
albuminoid matter U^rnuMl ghit<*us, not available as a yeast food, from 
which the danger arises. High mashing and sparge heats iiicri'asi' their 
solubility and gluten turbidity may occur witli any lowering of the tem- 
perature of the finished beer in cask 

There is also the question of cellulose which exists in throe forms iii 
malt, two of which are insohibk* in winter and alcohol, and, tlu'reforo, Ix'or, 
while the third, stareli cellulose, undergoes decomposition similar to that 
of starch Now crude nitrogenous matter exists in very small amounis in 
barleys from hot olimatos oomjiartKl with that ])ros(‘ut in Britisli-grown 
gram, which never roooivos the ripomug influence of the sun to the same 
extent. In addition, little diffioulty is oxperienoed in the germination and 
modification of foreign barley when those objectionable and dangerous 
constituents aro reduced in floor working to an almost ueghgiblo (juantity. 
The total amount of cellulose present m Knglish malt is greater aiul the 
fibre cruder in typo than that mot with in foreign malt. It will bo seen, 
therefore, that the latter servos manifold purposes and securos definite 
advantages to the brewer, benefits more necessary than ever under modern 
workmg conditions. Foreign malt is ludisponsablo as a drainage medium ; 
it acts as a diluent in lowering the porcontago of objoctiomiblo crude 
glutens and ooUulosio fibre, dissolved to a more or loss uncertain extent 
feom the best Englisli malts, which retards brilliancy of boor and lessons 
its keeping properties, and a blond of foreign malt yields larger extracts 
than f^t obtained from home malts mashed alone. The question of 
milling foreign material deserves greater attention than it generally 
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receives. It is an established principle that the finar the grinding the 
greater the extract and the tougher the husk of foreign mfllfei; needs 
breaking up to a degree which ensures that the starch granules in the 
endosperm of the gram comes under the influence of enz 3 nDQio action. 
Unless the ground malt is run direct from mill to grist case the proportion 
of flour to small nodules should be kept low as elevating the crushed 
material disintegrates it still further, and there is an inevitable waste of 
flour and oonsoquont loss of extract. Care should be exercised that the 
foreign husks arc quite free from their contents and cut or stripped as little 
as possible, otlierwise drainage is impeded. Brewers provided with 
milling maohiuory on the latest principles are free from the worries con- 
nected with operating mills with single roUs, yet the vast majority of the 
smaller breweries continue to employ this relic of mediaeval times, which 
necessitates separate grinding for each class of malt, with its consequent 
contmuous readjustment of the roUs. When the gnst case is of the true 
cone typo, then little difficulty is experienced in obtaining a regular mash, 
but with a rectangular case tlie grist wiU not roach the Steel’s machme in 
the order in which the whole gram was blended m the mill room. Under 
these circumstances alternate small amounts of from 4 to 8 bushels of 
foreign and English should be crushed separately, and this is the only 
practical method of overcoming balhng of the goods. Numbers of our 
best known brewers object to the use of rakes m the mash tun, and we can 
only conclude that they are supplied with the most efficient milling and 
mashing plant wlion the use of rakes may be dispensed with. With single 
roll luiUs and rectangular grist cases, the judicious use of rakes are 
essential to overcome the irregularities of mash consistency inseparably 
associated with working under the conditions named 

The Employment of New Malt. — ^Tradition plays an important part in 
browing jiroceduro, and the experiences of successive generations form a 
reliable standard upon which to base our working methods. In the 
opinion of many practical nion, the use of immature malt is a dangerous 
policy to adopt and to safeguard themselves, care is observed that no grist 
roaches their mills under six weeks to two months old. The objections 
raised are that malt under the age named contains an excessive amount of 
diastase which produces over-hydration of extract. In addition it is 
claimed that new malt lacks tho quality of supplying the correct amount 
and type of nourishment to yeast. In reply to this contention, we may 
say that instances have occurred in which the reproduction obtained from 
the use of new malt has been unusually large, while on the other hand it 
is true that meagre skimmings also follow the use of fresh malt. It is, 
however, mainly a question of the percentage of moisture present, which 
rarely exceeds one per cent, m material only a short time unloaded from 
kiln Too little moisture in malt has its dangers like the opposite extreme 
and accounts for the irregularities in fermentation which follow the use of 
malt newly off the kiln. Excessively dry malt yields, for any given 
system of striking temperatures at mashing, a large rise in heat on the 
intermixture of water and grist, which must nsoessarily have its effect upon 
the composition of wort. 

When a brewer is compiled to employ new malt there are two reme- 
dies, either or both of which can be adopted according to circumstances. 
If the brewer controls the manufacture of his malt he should hasten the 
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maturmg period by spreading exit aixd frequently turning the load directly 
after is it stripped from kiln. The hot malt is then in a condition to absorb 
oxygen with imusual avidity. If malts, on the other band, are purchased, 
the brewer, in the absence of analytical data, is at the mercy of the malt- 
sters as regards the age and general browing characteristics of the material 
supplied. As a safeguard in this cose against the use of now malt, tho 
remedy to bo borne in mind during the earlier part of the coming season is 
to employ striking boats bolow that customarily used. As a practical 
guide as to how far striking temperatures may bo decreased, an eye should 
be kept on tho character of tho fermontatiuns, tho extent of attenuations, 
and the amount of yeast reproduction 

Slack Malt. — ^Molt, when unloaded, should nut contain more than 
1% of moisture, and when it comes into use some 5 or (> weeks later tho 
water content present will generally have imched 2 per cent., an<l if stored 
under the best conditions tho moisture content of malt should not exceed 
4 per cent, at four to five months from kiln AsHuming that the average 
water present in malt ddiverios throughout tho gnwitor part of tlu^ year is 
3 per cent., the additional 2 per cent, is a factor of considerable com- 
mercial importance. Tlio attention of tho consignees should bo drawn to 
the matter m order to provide them with an opportunity of rectifying tho 
water content in future deliveries, and if this is imx>ossible the monetary 
loss incurred should bo deducted from tho amount of the invoice Witli 
regard to the loss of extract from tho source wo arc coiLsidenng, we may 
say that each 1 per cent, of moisture corresponds to a reduction in (extract 
of three-quarters of a pound per quarter, an item which is worth remem- 
bering. Where raaltings are worked in conjunction witli a brew(*ry, it is 
best, in order to detect the true source fif any irngulanty in extiiutt to 
observe towards tho close of the season when it is not practical to redry all 
the stock on hand, that whatever excess of moisture may lie prcstuit over 
tho average should bo allowed for in weight when delivery is made to the 
brewery. 

MeQiod of increasmg Dextrin Ratio, but one requiring a Special 
Airaagement. — One specific method of incri'asing tho dextrin ratio may 
be mentioned It has mot with tlistinet success in tlux brewing of certain 
kmds of competition boors, but it needs a special, though simple kind of 
steam-mlet, and a plentiful supply of unconlaminatcd frot» steam for the 
mash-tun. A metal ring, into which tho stoam-pipe from tho boiler is led, 
is fitted beneath tho false bottom. At its lower curved surface, tlio 
one facing tho real bottom, a number of small holes are drilled, so that 
when the steam is lot in it is to some extent spread abroad by tho 
ring, around which it has to moke its way, instead of rushing upwards 
m jets, as would be tho case if the perforations wore on tho upper 
surface. 

The plan, then, is to mash low, say at 146° to 148°, and almost directly 
after the mash is finished, to raise the temperature very rapidly by lotting 
in steam till 160°, more or less, is reached. Probably 7° or 8° more would 
be necessary to reduce diastatio action to a minimum. It is evident that 
by this method, properly carried out, two important factors in the pro- 
duction of a full “ round ” beer would be brought into play — ^namely, a 
rather hi^ proportion of sufficiently peptonised albuminous matter 
coupled with a distinctly dexteinous oharaoter of wort. As a matter of 
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fact, the ales brewed in this way were able to compete with fair success 
against rival beers of higher gravity.* 

We win now postpone for a short time the further consideration of 
purely operative details such as the effect of mixed grists, Hmited decoc- 
tion, hot grist mashing, etc., and proceed to consider rather more fully than 
there has been a chance of doing hitherto, starch, the deztnns and maltose 
[the albuminoids have been referred to on pp. 183, 185, 188], with the 
reactions which take place in the mash-tun Nor must we in 
connection overlook the view, which has already been briefly referred to 
in Chapter I. and elsewhere, that of the formation, in greater or less 
quantity, of certain compound bodies known as malto-dextrins. 

Starch is fairly ubiquitous in the cells of plants, being found 

everywhere therein except m the tip of a bud, or the ends of rootlets ; it 
consists of a substance called granulose, enclosed in an envelope of amylo- 
ceUulose, or starch-cellulose. This amylo-cellulose is unaffected by the 
action of diastase, which, moreover, being what is known as a colloid, 
cannot penetrate the intact membrane composed of the former, and 
accordingly can only get at the contained granulose upon the said mem- 
brane bemg ruptured, either by heat or by trituration with something 
rough like sand, in a pestle and mortax. 

Upon the application of sufficient heat to a mixture of starch and 
water, the previously opaque mixture becomes nearly transparent, the 
starch is gelatinised, or forms a starch-paste If a dilute starch-paste be 
filtered, the granulose passes through the filter, as can be observed by 
applying the iodine tost, but the amylo-cellulose remains behind. It is 
even then doubtful whether real and complete solution of the granulose 
has taken place , at all events, if a trial can be made of its ability to pass 
through the walls of plant-cells, only a negative result will be obtained. 
Hence the necessity of diastase, or of some such factor in germination, to 
render the starch stored up in the mature seed available for the nourish- 
ment of the growing plant 

The prefix atnylo- is not a superfluity, seeing that amylo-cellulose does 
differ from ordinary coUulose in so far that the former is insoluble in 
Schweitzer’s reagent, which first gelatmises and then dissolves the latter. 
One marked result of the malting process has been to considerably lower 
the temperature requisite to rupture all the amylo-cellulose envelopes, and 
to bring it accordingly well below the maximum at which diastase is 
capable of aetion There is no doubt, we think, that the so-oaUed diastase 
consists of a group of nitrogenous bodies, rather than that it is a distinct 
individual body, and that of these bodies the most powerful degraders of 
the starch molecule are those which are the most easily coagulated by heat. 
Perceptible coagulation occurs at 167“ Pahx. or thereabouts, and several 
degrees below that temperature would be sufficient to greatly restrict 
diastatic action f 

What precisely the nature of this action is we do not yret know for 

* Of ooixrse much depmids on the type rf yeaat in use, whether reproductive or 
attenuative, as to mashing temperatures. • « t. 

t To be more precise, Messrs. Brown and Heron have shown the propora<m of the 
ooainilable albuminoids coagulated m malt-extract to be as follows : At 122 Bahr. =• 
10% ; at 140® Pahr = 63-6% ; at 160* Fahr. = 67 4% ; at 169* Fahr. = ^ 8% ; w^e 
at 176* to 178® Fahr. all the ooagulable albuminoids are pr^pitated. This is probably 
not absolutely true for all malts, but ie e useful approximation. 
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certain, althou^ its results arc tolerably clear ; but j)oHHibly it may bo 
referable to molooxilar vibration, inducing a break-up of tlio iuoIcouIoh of 
starch upon which the enzyme acts. It is gtmoraJly aece]>tod that heat is 
an outward and visible sign of intouso molecular vibration, and seeing that 
starch heated with water under a sjistninod pressuw of four or live atmo- 
spheres (say at 302° to 320° Palir.) is ultunatcily hydratcnl into some form 
of forraoutablc sugai*, either maltose <»r glucose, therti is aiuUogy to support 
that view. 

The starch granule varies in size and shape according to its source. 
Barley-starch granules appear roundish or oval under the ]}• to I'.i objective, 
and show no markings unless it ho “ the pitting ” which a])])ears as 
germination advances. The markings and concentric stratiiioation which 
some starch granules show more ooas|)iouously than those of barley, are 
supposed to bo duo to water not absorbed into th(» body of the granule. 
On addition of strong alcohol the water is remov(Hl, and tho stratiiioation 
vanishes. On tho otlior hand, ohromio acud and (iiliito alkalies iiitcuisify 
the stratification, tlio granules swelling up in those liquids, "rhoso 
markings will bo noticed surroutuling tlie nucleus or hilum, which is 
sometimes central as regards the granule itself, but often more or less 
distant from tho centre, especially in the case of potato starch Potato 
starch shows tho largest granules , the granules of wheat starch, which 
greatly rosomhle those of rye and barley m shape, are uotieeably smaller 

Tho micromillimotro or (i, “ mu ” (=■ Mf-i.-i. meh, nearly) is iise-d to 
designate tho diameter of these granules, aiwl accordingly taking the largest 
and tho smallest granules, wheat approximately ranges from 50 p, to 2p , 
barley from 31)[x to 13p, , potato starch from lOOp. to OOp,. The siz«‘ of the 
wheat and potato starch granules is very variable , in barley-starch tliere 
IS greater uniformity, but its granules woukl not lie roiwhly distinguishable 
from those of wheat starch in a mixiui-o of tlio two. Very eonllietmg 
statements, howovor, aremiwli*. botli as to the diameter and tlio ndativi* 
proportion of largo ami small granules. The above measureiiu^nts am 
from a loading Bnglislx text-book, but I’liaiisiiig, <|uoting Wiosner, slah‘s 
that tho smallest granules are found in barley, and that iii wheat and rye 
tho number of small and largo granules is nearly eipial, while in barl(‘y the 
small granules outnumber those of larger size. ^J’ho subject evidi'iitly 
wants study, but is complicated by tho difficulty of gentling a microscopic 
field of unrupturod granules 

Tho average amount of starch and of carbohydraicss in tho following 
sources of them are : — 


Potatoes (frosh) 
Baxley . 
Wheat . 
Maize 

Bioo (cleaned) . 


htun'h (dcfcoimiiifd in tho ccrcMilh 
by O’Sullivan with dinataHc*) 
18% 

(white) 1>6 4% 
(yoUow) 64-68% 

76-77% 


CarbohydxaiCH (iikmii of many 
ainilVHCN) 

ai% 

6 . 6 - 72 - 8 % 
« 7 - 9 - 71 * 7 % 

08 - 4 - 70 * 7 % 

(European) (Amorlcan) 

78 - 3-79 2 


Bice, so rich in starch, has about 7*3 nitrogen-bodies. 

The Dexlxins — ^2(0(,Hm05) or OjaHaoO, o — have already boon spoken of, 
as a collective whole, more than once, both in respect of their influence on 
the beer in which they preponderate, and of the metliod of securing a 
sufficient proportion of them in tho wort. But as there are several 
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recognised vaxiotios and sub-varieties of dextrin, it will be useftil to set 
down at a littlo greater length the indications wMch serve to HiafingniaVi 
them. 

W. Nageli (and others) have identified 

Amylo-doxtrin I. 

Amylo-dextrin II. 

Erythro-dextrin 

Acliroo-dextrin (a, p, y> >})• 

Amylo-doxtrin I. and II. If starch granules arc allowed to stand at 
an ordinary tomporaturo for two or three weeks m dilute hydrochloric acid 
(for 1,000 grammes of starch, Nagoli used 6 Utres made by adding 12 parts 
of concentrated hydrochloric acid to 88 parts of water, a 12% solution) no 
external change takes placo in the granules but an internal chemical 
change occurs, which is evidenced by the behaviour of the unswollen 
residue with regard to iodine Whilst ordinary starch, if so tried, is 
coloured blue by the iodine, the starch which has been digested in the 
above-mentioned way is coloured yellow. Moreover, the fiuid covering 
the altered starch contains sugar and a body which is precipitable by 
lodmc and alcohol I’liat portion which is turned yellow by iodine is 
Amylo-doxtrin 1 , enclosed in the unaltered envelopes of the starch 
granules, and that body which is precipitable by iodine and alcohol out of 
the supernatant fluid is Aniylo-doxtnn II 

It docs not appear, however, that the yellow coloration is a charac- 
teristic reaction of Ainylo-dextnn I with iodine, vlion the former has been 
obtained in a state of purity. Then a solution of it gives a blue-violet 
coloiatiouwith iodine, while a solution ot pure Amylo-dextrm II gives a 
red-violet It axipears that ncitlier of those doxtrins is one uniform homo- 
geneous substance, but that they consist of two separate substances in 
varying proportions These Nageli claims to have isolated, and has found 
that one constituent is coloured violet and preponderates in Amylo-dextnn 
1 , whilst the other constituent which preponderates in Amylo-dextnn II. 
IB coloured rod by iodine As both arc equally precipitated by alcohol, 
and as their polanmetric dextro-rotation is the same, it is doubtful whether 
they should be classed as distinct varieties or merely sub-varieties of the 
same dextrin * 

Amylo-dextnn 1 can bo got by washing the granules, from which the 
liquid contaming the Amylo-dextnn II. has been filtered, with hot water, 
whence, upon the solution bomg cooled down to 32° Fahr , it crystallises 
out in the form, as the microscope shows, of circular discs — ^flat circular 
plates, although at first, unless some movement be imparted to the liquid, 
the crystals may appear to be of globular form. It has also been obtained 
in needle-shaped crystals, and tliere is ground fpr supposing that the discs 
are formed by a radiated grouping of these crystalline needles, although 
the needles are soluble in cold water, but the discs not. 

Amylo-dextrin II. falls as a voluminous white precipitate from the 

* Amylo-dextrm is considered (by Brown and Morris) to be a member of the same 
senes as mal to -dextrin (j.v. pp. 243 — ^245)» bemg identical in most respects, being 
unfermentable by 8* OereviHcBf though reduced by malt-extract to maltose. Unaltered, 
they say, by fractional precipitation, it has optical and ouprio-reduoing powers correspond- 
ing to a mixture of dextrin and maltose. 
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fluid whioli covers the altered starch in the abovo>doHcribed experiment, 
if a four or five-fold volume of 93% alcohol bo added to the filtrate. To 
purify it further the second precipitate is colleetod in a filter, washed with 
alcohol, and afterwards dissolved witli water, and the solution brought to 
freezing-point, whereupon it crystaUisos out, like Amylo-dextrin X., in flat 
plates, though occasionally it forms noodle-shaped crystals too. 

Eiytiiro-dextrm (spu0p6? == rod) and AduN 30 > 4 extxm (fixpoo? == 
colourless) are also distinguished by their behaviour with regard to iodine, 
the former giving a red roaoti on, the latter non.e . Boiled with dilute acids 
both dextrins are converted into glucose, the orythro-dextrin passing 
through the intermediate stage of aohroo-doxtnn in the process ; or, if 
digested with cold, aqueous malt-extmct they are hydrolisod into maltose. 

If Nageli’s experiment bo carried on a little further, a time eomes when 
the acid fluid covering the altered starch gives no further reaction with 
iodine. If the fluid then be noutrahsod, first with milk of lime and after- 
wards with calcic carbonate, and then filtered and evaporated to a small 
bulk, on alcohol being added to the concentrated filtrate, an amorphous 
precipitate forms, which, upon being filtered and deprived of its water by 
absolute alcohol, and subsequently dried over conoontratod sulxihuric acid 
(m a desiccator), is found to bo a white powder, a solution of which gives 
no colour with iodmo, and has accortlingly boon named aohroo-doxtrm 
It is equally soluble in hot and cold water, and even at froozing-point no 
turbidity of the solution, i.e., no precipitate, occurs. 

Erythro-dextrin, as far as the writers are aware, has not been prepared 
in a state of purity. It is, however, a constituent of commercial dextrin, 
which, under the name of “ British Gum,” is used in caheo-printmg for 
thickening colours, and is prepared by heating starch up to a heat 
ranging between 410° and 520° Fahr., or if it he inoisttmoil with vi^ry dilute 
mtric acid, say water containing 2% of the acid, up to one raiging from 
230° to 300° Fahr. In practice it is done in two cylinders, one within the 
other , the inner one having an arrangement for stirring the contents, the 
interspace between the outer and the inner cylinder being filled with rape- 
seed oil, which conveys the fire-heat steadily to the oontont.s of the inner 
cylinder 

The above-named dextrins have this in common, that they .sliow no 
organised structure, that they are colloids, %.e , unable to diffuse through 
membranes either vegetable or animal, and that they are more or loss 
soluble in water but not to any extent in alcohol. Erythro-dextrin is, 
however, less soluble than achroo-dextrin in alcohol, solubility in fact 
increasing as the scale {v%de the series of equations on p. 241) is ascended. 
They differ in their optical power on a ray of polarised light, though all 
have a right-handed rotation {desdra = the right hand), less than tliat of 
starch, but exceeding that of maltose, that is to say, as hydrolysis advances 
the specific rotatory power decreases. 

Dextrm, as such, has no reducing action upon Fehling’s solution, 
though there is a possibihty of a partial conversion into glucose occurring 
througjh the agency of tartaric acid (from the BoohoUe salt) if boiling be 
prolonged (vide the test in laboratory chapter), and of a consequent ovor- 
estimation of the co-existing maltose. But on the otbor hand. Barf oed’s 
solution, which is practically normal acetate of copper acidified with acetic 
acid (the solution contains about 1 % of free acid), is said to bo reduced by 
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glucose after a short boiling, but not at all hymaUose, a-n d by «^ftTrtT iTi after 
a more prolonged boiling. 

Maltose (CigHgaO^), identified by liie distinguished French chemist 
Dubrunfaut in 1847, and rediscovered by C. O’Sullivan in 1874-76, is the 
final product of diastatic action upon starch. Sefore the latter’s epoch- 
making communications it was generally supposed that ultimate 
product was ^uoose (Dubrunfaut’s view having been completely lost si^t 
of), but from this sugar maltose has now been clearly difierentiated, both 
by its greater rotatory power and its lower reducing action upon Fehling’s 
solution (66 6 parts of glucose, or according to other mvestigators 61 parts 
of glucose, precipitate as much cuprous oxide from the solution as 100 
parts of maltose are capable of doing). Thou^ the action of diastase, 
however prolonged, efiects no change in maltose, yet boiling with sulphuric 
acid does bring about an alteration, in the shape of a reducing power 
corresponding to that of glucose. Hydrolysis summed up in the equation 

^12^^22^11 "1“ HgO = 2 (C^j2^6) 

occurs, possibly through HjSO^ in ionised state (cf. pp. 213 to 221) 
imparting H.^ and O alternately to the disaccharide carbon compoimd. 
Maltose crystaUises in hard, white, needle-like crystals, containing a mole- 
cule of water of crystallisation, which is lost in an air-bath at 212° Fahr. 

Equation dealing with the successive Cfhanges which take place when 
Diastase acts on Starch. — ^We may now proceed to consider the equations 
which indicate the changes taking place when diastase acts upon starch at 
a jointly favourable temperature (140° Fahr.), although, as will be seen 
(p 242), this somewhat elaborate series will require modification, since the 
malto-dextrin theory is definitely accepted. 

It must be observed, too, that the unknown n of the formula for the 
starch molecule — (CiaH 2 oOio)A — ^must have the value of 10 at least 
assigned to it, and that the changes appear to take place as the result of 
successive hydrolyses, maltose and dextrin being formed simultaneously 
at the first hydrolysis, during which and the succeeding steps one molecule 
of maltose after another separates, leaving constantly dimmishmg quanti- 
ties of dextrin, which, as hydrolysis proceeds, also alters into simpler types. 


r Soluble Starch 


Water 


•Spcdfic 
Botation 
216 0 

(for Starch) 


OujO 
Credaced) 



Maltose J 

OiaHaaOiiH- ] 

fBrythro-deztnn a 

1 9 (CiaHaoOio) 209*0 


6-4 


C 22 H 22 O 11 


r Eiy thro-deztnn s 

202-2 


12-7 


C 12 H 22 O 11 


1 Achroo-dextrizi a 

i7(C„H,oOio) 196-4 


18-9 

= 


+ ^ 

I Aohroo-dextnu a 

1 6 (C,aH,oOx„) 188-7 


26-2 

sss 

Gi2HaaOii 

+ i 

[ Aohroo-dextnn y 
|6(C„H«>Oi,) 182-1 


31-3 

SB 

G 12 H 22 OH 


r Achroo-dextnn a 
i4(Cx.H«,0„) 176-6 

• 

a 

37-3 

=s: 

Gi2Ha20ii 


r Achroo-deztxixi a 

13 (Cx,H«0„) 169-0 

« 

43*3 



+ ■ 

jAcbroo-dextriii a 

i.2 (Oxja.oOxo) 162-6 

: 

49-3 


r Bry thro-dextrin a 

9 <Ci*HsoOxo) + HaO 

r Erythro-doxtrm /s 

8 (CX 2 H 20 O 10 ) + H 2 O 
rAchroo-deztriu a 
7 (CisH^oOio) + H 2 O 

Achroo-deictnn ^ 

6 (Gj^2^2o^io) + H 2 O 
f Achroo-deztnxi y 

5 (Oi2HaoOio) + HaO 
f Achroo- deztnzL a 
t 4 (C 12 H 20 O 10 ) + H 2 O 
f Achroo-deztrut a 
L 3 (C12H20G10) + HiaO 
* It may be well to mention that the optical activity (dextro-rotatory power) stated 
refers to the actual products of *the starch-transformations, not to the wort itself. They 
are [ajj. The cupnc-oxide reducing power is expressed shortly as K. 
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Tho same series of changes may bo oxprossocl more concisely as 
follows : — 

10 (0„H„Oio) + 8 (HaO) = 8 (C„H,aOxx) H 2 (0x*ll*„0„) , 

Stawh. Water. MaltoKo. l)«>xtriii. 

which expressed as poroeiitago = 80*8% of maltose and 19*2% of dextrin 
[worked out as follows : Tho atomic toliil of 8 (C12H22OJ1) 342 X 8 ; 

that of 2 (CiaH2oOi 0) = 324 X 2, conHotiuontly dividing tho 324 by 4 will 
preserve tho ratio = 342 : 81. llion 342 -|- 81 --- 423, and this tlividod 

342 8 1 

by 100 = 4*23. Then ^,^3 ~ (nearly), and^.23 (noarly)J. 

Dr. Squire, in tho courso of an admirable ])a|)<»r kwmI boforo tho London 
section of the Society of Ohomioal Industry, suggested tho following 
equation for the reaction taking place at I (>7° Falir., which ho says is 
tolerably constant . — 

10 (Ox*H,„Oxo) H- 3 (HaO) -= 3 -I- 7 (0xaU*,0„), 

or expressed in percentage as above = 31 !.'>% of maltose to 08-85% of 
dextrin. 

The dextrin produced at such a tomperaturo is, ho says, oohroo- 
dextrin, giving no reaction with iodine ; but if th(» tomp(‘raturo ho rais(‘d, 
or the mixture bo rendered slightly alkalmo, then tho (piantity of nialtoso 
produced is lowered, and tho dextrin would bo an orytliro-doxtrin, giving 
a rod reaction with iodine. 

Blalto-dextrin Theory. — >Sinco tho theory of tho formation of ci^rtain 
definite compounds of maltose and dextrin, malto-devtrins or amyloius, 
appears to be established boyoivl reasonable douhi., then the <‘<iuation 
sotting forth tho mash-tun reactions will n>quiro n'ailjustinent, or, at any 
rate, will have to bo taken with the (|ualiiieation that e(‘itain moliH-iiU's of 
maltose either offoct a frosh comhiiuition with Irei* d(*\trin to form th<< 
bodies above-named, or — winch is tho accepted view that th<' eonv(>rse 
takes place — ^viz., that coi-tain coinjilex groups of which tin* starch mole- 
cule is assumed to consist are split up as to four-iifths of the groups, and, 
if tlio most favourable conditions exist, are succiwsively hydrohsisl into 
maltose through a scries of amyloins (malto-dextrins) We shall deal a 
little more generally with those malto-doxtrins hc-foro giving tlu^ formula 
invented to explain all tho ascertained facts, it being a somowjiat compli- 
cated one. 

It will be clearly understood that tho theory states thoso malto- 
dextrins to be compounds and not mere mixtures, liavmg inilood ])ro- 
perties varying either from those of their constituents, or from mixtures 
of thorn, as is tho case with other chemical compounds. 

The maltose is readily fermentable in tho primary fermentation by 
ordinary yeast (Sacch. oerevisioe). Dextrin is now alleged to bo abso- 
lutely unfermented in tho primary, and prtmtioally unaltered in tho 
secondary fermentation (being found in the boor unchanged, and in the 
same proportions after some months' storage). Consequently tho malto- 
dextrms, unfermentable in the primary fermentations, alone remain to 
produce the necessary brisk cask condition by their gradual conversion 
into alcohol and carbonic acid gas, through tho agency of some secondary 
yeast type or types, e.g., Hansen’s Sacch. Pastoriawus IC., or perhaps 
BreUcmomycea (qf. p. 329). 
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It is held that there are differezxt types of these malto-destriiis, the 
higher t37pes (those most suitable for stock-beers) containing more dextrin 
and less maltose, while the lower types, coxxtainmg a larger proportion of 
msdtose to dextrin, are less resistant to converting agencies, and therefore, 
determining more or less rapid condition, are adapted to beers of short 
storage 

The tenet is that even the lower malto-dextrins are, as such, unfer- 
mentable, but that in their case the preliminary stage of the conversion of 
the whole into fermentable maltose is speedily passed through, when rapid 
condition follows as a matter of course. A necessary seq^uence of ^e 
unfermentabihty of malto-dextrin, as such, is that the breaking up must 
always be effected in successive stages. 

(1) Conversion of the higher t 3 ^es into lower types. 

(2) Conversion of the lowest type mto free maltose 

(3) Sphtting up of the maltose molecule into glucose, and thence into 
alcohol, carbonic acid, etc. 

The lowering of type is possibly effected by a diastase-like enzyme 
secreted by the secondary yeast named above, or some other. 

Evidence on which the Malto-dextrin Theory is based. — ^When it 
chanced to be found that the higher dextrins, especially up to Conversion 
No. 7, yielded larger quantities of maltose when degraded with malt 
extract than the lower dextnns (albeit associated with less free maltose), 
the conclusion seemed inevitable that it was m some way in eombinai%on 
with the maltose. Further, a substance having been prepared (by acting 
upon starch with malt extract, and subsequent repeated treatment with 
alcohol) soluble in alcohol of 70 to 80%, and giving the anal 3 rtical results 
of maltose 39 8, dextrin 58 1 inactive matter 2" 1%, an aqueous solution 
of this substance was made by dissolving 12 663 grammes of it m 100 c.c. 
of water, which thus corresponded to 5*039 maltose (100 12 663 . 39*8). 
This being set to ferment with a little Burton pressed yeast, the fermen- 
tation which ensued stopped at the end of three or four days, with the 
result that on the ninth day 3 687 grammes of maltose still remained. 

Pure crystallised maltose was now added, upon which a brisk fermen- 
tation ensued, and after a time ceased, whereupon more maltose was 
added, and the fermentation started again Exammed when fermenta- 
tion had finally subsided, the increase of alcoholic strength corresponded 
very nearly to the added maltose, and the cupric-reducing power of the 
liquid was but very slightly reduced. In other words, the added maltose 
had entirely disappeared, but the 3 687 grammes of the original maltose 
was only reduced to 3* 577 

Again, the dextrin, acted upon by malt extract, gave 70% of maltose, 
just as the dextrin of the liquid before the free maltose was added had 
done, showing that no degradation of the dextrin had occurred. The 
question then arose why this 3 577 grammes of maltose had not dis- 
appeared, when the brisk fermentation which ensued on tiie addition of 
free maltose showed that its survival was in no way due to the defective 
power of the yeast, or to other unfavourable conditions. 

Moreover, if, instead of the free maltose, a few drops of cold-water 
malt extract were added at the close of the first fermentation, it was ailso 
found that fermentation was vigorously renewed, and in the result not 
only did the apparent maltose (3*687 grammes) practioally disappear, but 
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also some of tho dextrin, <Ac action Imn-y actiompanml by a degradaiion 
of the dextrin. 

Considering these facts, there soem very strong gn>uu<lH for concluding 
that tho “ apparent maltose,” as it luis been called, is not “ fnw) ” nmltose, 
but is hold in close chemical combination with d(‘xtrin in the form of tlxo 
bodies now called amyloins or malto-dextrins ; an<l this conclusion is 
strengthened by what is foun<l to take phujc wlum a mooha.ui<!al mixture of 
fairly pure dextrin and pure maltose is likewise set to ferment. In tho 
latter ease nearly all tho free maltose disappears after a rapid and vigorous 


fonnontation. 

feolation of Wlalto-^extrm.— Messrs. Brown and Morris proceetlod to 
effect it in tho following way. Making a stsindi conversion at 140" to 149" 
Fahr., with very active diastase, the conversion was stopped at a point 
very nearly corresponding with Oonversioii 9 of tlm series on }). 243. The 
solution, after boiling, was set to ferment witii a little Burton yeast, and 
after tho free maltose was thereby forment<«l away tlio lupiid was liltored, 
concentrated to a syrup, and digested for some houra with 90% alcoliol to 
remove tho non-volatilo products of ferm<‘utation. The strengtli of tho 
alcohol having boon reduced to 85%, tho alcoliolic oxtrac.t was, after 
digestion, poured off tho residue. The alcoholic extra<*t was tlistilloii, and 
the residue agam treated with 85% alcohol llie <<xtnwst was again 
distilled to remove the alcohol, and the residue thus obtained was very 
nearly pure malto-doxtrin (absolutely unfermentable by ordinary Sacch. 
c&revisiOB, tliough treatment with malt extract couv<‘rts it compk<tcly into 
maltose), corresponding in optical and cupric- r(‘ducmg power to a mixture 
having the percentage composition of maltose 33 1), ilextrm Ob 1 

Formula for Malto-dextrin. — iV.cconliiigly the simplest formula 

aMignablo to it is 

i.e., one maltose or amylon group umte<l to two thixtriu or amyliii gioiips 


Modification of the Equation Series. - Mc'ssrs. lirowu and Morris have 


come to tho conclusion that the starch-inoh^cule is not l(‘ss than live times 


(0]^ 2 ^ 20 ^ 1 0 ) 3 * ^i^d, as a matter of fact, they now take it to be 5 ((i, 2 ll- 2 o 
®io)ao» ^ times tho size of tho dextrin mok‘cule (C^i 31120 ^^ 10)20 
They suppose that four of those amylin groups are arranged round tho 
fifth and similar group ; that tho inner group rcssists hydrolising influonoos, 
and constitutes the stable dextrin corresponding to that of Kiiuation 8 
This involves tho view that tho doxtrins are not, as previously supposed, 
a polymetrio series, but are uniform in character, tho s<i-oalloil higher 
dextrins being in no wise different from that found at tho conclusion of tho 
mashing operation. The four outer amylin groups, however, are held to 
be incapable of existing, as such, when hydrolising influoncos are at work 
upon them, being, in fact, theoretically capable of undergoing rapid con* 
version into maltose by a succession of hydrolisations through a series of 
amyloins, at first, of what are known as tho higher typies, and afterwards 
of less and less complexity (in tho sense that, as the sorios advances, the 
worts containing them, or rather the boors containing them, are bss 
persistently obdurate to the fermentative agencies which determine 
“ condition ”). 

In an interesting article which appeared in the Brewing Trade Review, 
Dr. Morris writes that “ the action may bo graphically expressed by Ihe 
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following eq[nations where n represents the number of amylin groups 
converted into amylon groups and m the number of iTnnbH.Tigft<i amylin 
groups ” (to + m must = 20, the number of amylin groups in each 
complex). “ In the first instance we may express the very earliest stage 
of hydrolysis thus : — 


f(Oi2HaoOio)2o 

(CijHjioOiolgo 

(OisHjoOiolso 

(ClgHgoOgoLg 

L(OigHjoOio)so 
Starch Molecule. 


+ » HgO 




At aix mtermediate point in the hydrolysis the following probably 
represents the reaction * — 


r(OiaH2oOio)ao 

(Ci 2 H 2 oOio )20 

< (0^2^20^10)20 "H ^ H2O ” (Oi 2 ^ 2 oOio )20 “f" ^ 
(CiaHaoOioleo Dextrin, 

^(CiaHaoOiolao 
Starch, 


Amylom Group. 
Maltose. 


“ This theory,” he adds, “ appears to embrace and explain all the 
known facts in connection with starch-transformations ; it enables us to 
understand why it is impossible to separate the whole of the maltose of a 
limited conversion either by solution in alcohol or by fermentation ; it 
also offers a complete explanation of the observed facts in connection with 
fractional degradation, and other questions of a like nature ” The excuse 
for transporting this paragraph bodily must be the impossibihty of putting 
the theory, as expressed by equations, more concisely, and the general 
importance of the question 

Evidence for the Opinion that Secondary Yeasts hydrolise Malto- 
dextrins. — One experiment out of many, devised by the mvestigators, was 
to ferment away the free maltose from a conversion made in the usual way. 
Then after freeing the fermented liquid from alcohol, a solution was made 
of the residue (contammg, be it remembered, no free maltose), but still 
showing on analysis the proportion of 

6 986 grammes Maltose. 

16 792 „ Dextrin 

0 315 „ Inactive Matter. 


24 093 „ in 100 c.c. 

The solution had a specific gravity of 1093 and the dextrin yielded 66‘ 8% 
of maltose. 

Yeast was again added, and the preparation kept at 30° C. (= 86° 
Eahr.) and closely watched, and the sediment examined daily under the 
microscope. Gradually the yeast-ceUs {Sacch. cerevisics , — primary yeast) 
fin ding no free maltose, shrivelled up and apparently died. At iJie end 
of six or sevendo^a a few cells of Saccih. pastorian/us and eUiptious began to 
appear and, concurrently, fermentation started, at first extremely slowly, 
but by degrees progressed much more rapidly as the newer forms of yeast 
became more abundant. It was continuing slowly, even at the end of 
forty days, when the experiment was concluded. 

The amount of maltose which had undergone fermentation being 
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dotonuiuod (1) from estimation of the alcohol fonncd and its calculation 
as maltose, and (2) tho docroasotl sjKicific gravity of the solution (afU^r 
such distillation), was found to bo 14‘41 and H'ltDS, practically 14 4 ; and, 
as the experimenters say, “ when we consider that tho original solution 
only contained maltose - - 0‘1>80 grammes ])er 100 c.o., it is ovi<l(4it tliat tho 
remaining 7-414 grammes must have been produced at the expense of the 
dextrin.” 

Factors deienniniiig (1) Percentage and (2) Tjrpe of Malto-dextrins. — 
These factors are throe in number --viss., extent of germination, extent 
of kiln-drying, and mashing heats. As regards (1), the result of umlor- 
growing is based upon what has boon insistixl upon bi^foi-e - viz., that tho 
starch of badly germinated malt a])proximat<is to that of the original 
barley, and may even be to a great extmit insoluble at ordiiuiry mashing 
temperatures. Acoortlingly it is only as the heat of the mash rises under 
tho influence of hotter sparge temperatures that tJie stai-ch gets gela- 
tinised, and this only arriving at a time when the power of this diastase is 
much weakened (both by tho withdrawal of th<» iirst worts and the higher 
temperatures), the conversion of such stareli is very far from complete, 
and probably only dextrin and maUo-dextrim of an abnormally hujh type. 
are produced in tlio hitor runnings. Conseipicntly, though Hut first 
copper wort may bo of fairly normal constitution, tho lat(‘r worts 
will contain a high porcontago of ahnomal malto-dextrins, fermenting 
with exceeding slowness oven in tho cask. ( In sutth casi's, if anyth i ng like 
early condition is wished for, tho use of “ priming ” or aipu'ous malt 
extract is uulicatod ) (2) HLigh kiln-hoats, and (3) Kigh masliiug iutats, 

both of which, as oomparetl with lower lioats, di^htrinine an incn^ase m 
the amount of malto-doxtrin , although in respect to No. ‘.i, this is nioi'c 
marked when tho toni])oraturc rises above 150“ Kalir. than Ik'Idw it ; and, 
in fact, as long as it keeps within the usual range, tlic typo of innlto- 
doxtmi. does not vaiy much, and indcixl is far more influctK-ed by 
germination and kiln-drying. 

And horo, m those exporimeutal mashes, a curious discrcpaucy-- as 
stated by Dr. Moritz — occurs botwtuin laboratory oxjM'irirneuts and 
samples taken of actual browory worts. While tho laboratory experi- 
ments (at all events, a senes on which ho relied) showed, witli lu'ats rising 
from 140® to 165®, a very marked incrooso in tho quayiMy, but no altera- 
tion in tho type of tho malto-doxtrin, which to begin with was rather high 
(maltose 1 . doxtrm 4), tlio browory samples, in tho pn^panition of which 
•^e heats ranged from 146® to 166® initial, not only showed an increase in 
the proportions of malto-doxtrin, hut tho type rose also (from M. 1 : 1). 1 
up to M 1 : D. 2’9). 

Kiln-drying, on tho other hand, has a marked influonoo both on 
quantity and type. Thus in tho case of malts mashod under identical 
conditions, with ono which was undorcurod, the typo was low (2 M. : 1 D.), 
while tho quantity was very small ; but as soundly cured malt was 
reached, both quantity and type rose, and oontinuod to do so tho higher 
the curing, up to 1 M. : 2 D. When, however, tho permissible limit was 
passed, and overoured soordhed malt was used, though tho quantity 
marke^y increased, the type somewhat strangely did not (remaining a* 
1 M. : 2 D.). 

Comparing the influence of kiln-drying and mashing heats. Dr. Moritz 
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states that a pale malt and a high-dried malt, the latter being mashed 9° 
lower than the former, gave an almost exactly eg,ual quantity of malto- 
dextrin, but with the high-dried malt the type was lower, and he therefore 
makes the practical recommendation that for pale (and store) ales, a malt 
relatively lightly cured and mashing heats relatively high should be em- 
ployed, while for running beers high-dried malt and relatively low maabing 
heats should be the aim. [The theory is, it will be remembered, that the 
high t 3 q>es of malto-dextrins are gradually degraded into lower and lower 
t 3 q)es, and finally into maltose, as which alone they are fermentable — i.e., 
amenable to the infiuence of the yeasts, which bnng about cash condvtion.'\ 
“ Frettiiig ” explained by the Malto-dextrin Theory. — If we accept 
the view, also propoimded, we believe, by Dr. Moritz, that beer at the time 
of racking may contam malto-dextrins of such abnormally low type as not 
to be far removed from free maltose (19 M. : 1 D.}, then it is easy to see 
that such bodies (which might even have been fermented by a young and 
vigorous yeast during the primary stage in the fermenting vessel, had such 
yowng and vigorous yeast been presevi), having escaped fermentation 
before the racking, may undergo it shortly after, either by the agency of 
the primary yeast stimulated by aeration, or more probably by secondary 
yeasts, the germs of which have been absorbed and developed in the 
interim. 

The conclusions of the investigators who have, of necessity, been so 
often referred to in dealing with the question of malto-dextnns, and whose 
researches are certainly of the highest importance in a technical sense, and 
it IS gratifying to think that they form a contribution to brewing science, 
made by this country alone, although the name “ malto-dextnn ” was 
proposed by Professor Herzfield of Halle for a substance stated to be 
intermediate between acliroo-dextrm and maltose. This substance, 
however, was fermentable by primary yeast, and this, as well as its optical 
and cupric-roduoing power, suffice to distinguish it altogether from the 
malto-dextrins which the English observers claim to have identified. 

A few operative details remain to be considered.* 

Iimited>J)ecoction Process. — ^The so-called “ Limited-Decoction Pro- 
cess ” IS an attempt to get some of the results of the German system of 
mashing, without the expensive and cumbrous plant which that system 
requires. Sometliing has been said about it already in Chap. I , but the 
mod%is operandi is as follows. An arrangement for letting free steam into 
the mash-tun havmg been provided — ^a IJ moh pipe will do for 60 lb. 
pressure, but should branch into two pipos of the same diameter when just 
through the bottom of the mash-tim, and the false-bottom plates of the 
latter must be fastened down securely with bolts and bands, or they will be 
likely to shift — ^the mash is made with 2 barrels to the quarter, which may 
be made first with barrel at 164° Fahr , the remaining half-barrel at 187° 
being let in, writh steam if necessary, to bring the mash temperature up to 
166° or thereabouts for mild ales, and higher for bitter ales. These 
proportions of liquor may be modified, and probably it would be found 
generally advisable to use a larger quantity for the actual mash, and less 
for the underlet. 

In 76 minutes from beginning mash, taps may be set, and wort at the 

* The foTnxula for ascertaining the striking heat re<}iiired to attain anv given initial, 
being of the nature of a calculation, will be found ui p. 114. 
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rate of half a barrel per (jiiartor in run off and piuupud into a suitable vessel 
(with steam coil) commanding the maush-tun Tlui Iioait of the “ gotxls ” 
is now raised to boiling, gradually ui) to 170” or 175“ ait first, then rapidly. 
After the mash has been, kept at 212" or nwirly thait for ten minutes, it is 
cooled down to 166" with spoiged cold liquor, aiftcr which the strong wort 
previously run off — and which of course hauj not been allowed to get much 
over 160° Fahr. — ^is returned to the mash-tun, the raikos going aill tlie time. 
The mixture must, on no account, excawl 165". A sliort stand of 16 
minutes will probably bo enough, and tluux taips cam bo sot and the copjxors 
made up without fxrrthor delay. 

If the iodine tost bo applied after the boiling of the goods, it will aiaponr 
that much fresh starch has come into solution. 'I'his ahsappawirs when tlio 
strong wort, whicli has been hold back, is returned to the maish-tun. 
After this, almost any heat, however high, can be lasod for spairging, there 
being no risk of unconverted starcli being carried into tlio («)j>per in 
solution. 

Over-fine crusliing of the malt should bo sjiocially avoi(lo<l for limited- 
decoction mashes, and the use of Oonron’s patent maishiug raikos (those 
with india-rubber ends, which swoop the failso-bottom plates) have been 
found useful, though for the ordinary system they airo scaircoiy to be 
recommended. Probably the inrush of free steam somowliait pnwonts 
that forcing of fine particles through the aiporturos of the plaitos, which 
brewers, using those rakes in the ordinary infusion prociws, have fouml to 
be their most trying fault. Rakes, at any rate, sliould revolve while 
boiling, cooling, and mixing are going on, ’^riio oxtraict got from mailt, and 
that factor’s malt, in fair years by the limitetl-deeoction nu'thod will 
average 90 or over, but tho difference of extraud aind the biMieiit is most 
apparent when dealing with hard and steely malt 'riio drainage gives no 
unusual trouble, and it maiy fairly be claimed that ai rcmairkaililo lirightness 
of tho racking sample usually results. Wo have secii limited-decoction 
beers bright in tho round at four days. 

Limited Decoction with 25% o£ Unmalted Grain. — ('xpi'rienco of 
an energetic experimenter in this direction aind his mode of a])plyiiig it 
was as follows, and without alteration of plaint ho obtainoal very bright 
beers with most brilliant worts. Mashing 26% of whole grist maize, flour, 
or rice with two-thirds of tho malt of which ono-fourtli was Algerian, 
to got an initial of 126°, ho then gradually raised tho heat — taking am hour 
— ^to 166°, with tho rakes revolving all the time ; then he raiisod the mash 
rapidly to the boil. After boiling for ton minutes ho cooled clown to 1 05° 
(with cold liquor as before), mashed in tlio remaining third of tho malt, and 
set taps after 60 to 90 minutes’ stand. This time about half tho contents 
of the mash-tun was run off without sparging. Then the boiling being 
repeated and continued for ton minutes, the mash was again cooled down 
to 166°, and the largo quantity of strong wort last drawn off and hold back 
was returned to tho mash-tun, and taps sot again after fifteen minutes’ 
stand. The copper lengths were then made up without further delay. 

In the narration this seems a troublesome process, but, in any case, if 
raw grain material (e.g., rice grits) bo used, tho process is a troublesome 
one, and additional plant — a Converter, fitted with rakes briskly revolving 
— is required. Generally speaking the process, when tho latter but no 
filter-press is used, is to make a free mixture (3 barrels to the quarter) of 
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grits and water, having previously run in about 1 bushel of ground malt to 
each quarter of the grits. The converting temperature, at which the 
mis:tures are made, is raised by free steam to boiling-point, and that heat 
maintained till the starch is fully gelatinised. The Tna.flb is now cooled 
with cold water to about 190“, a quantity of malt similar to the former 
mashed in, and the temperature raised some 5“. The mixture is then run 
into the mash-tun simultaneously with a malt-mash of relativd.y low 
“ initial ” (about 130“ F.) down an inclined plane, a few inches in d^th of 
the latter being preferably run in first. The whole is now “ raked ” with 
a small simultaneous underlet, a “ goods ” heat of about 150“ F. being 
aimed at. 

The EbuploTinent o£ Flaked Maize ia Brewing. — Hhxts on Practical 
Maidi-tan Manipulation. — A knowledge of the correct methods of pro- 
cedure to be adopted to secure the full advantages accruiug from the 
employment of flaked maize is now easily acquired, although care must, 
of course, be observed that the unmalted material is added to the mash-tun 
in such a manner that the maize readily undergoes conversion. This is 
brought about by diastatic action through the agency of the enzymes 
present in the malt, and the essentials of success are dependent therefore 
on the system of maize and malt admixture, which is carried out. In 
medium-sized and large breweries the difficulties met with occasionally in 
this connection and also in respect to filtering are removed, or at any rate 
considerably minimised, by the erection of a supplementary hopper, at the 
apex of which a feeder is attached, worked by a pulley and belt on the 
principle of the shaking screen of a malt mill. The hopper is used 
exclusively for the flakes, and the apparatus is placed in or near the grist 
case in a position so that it can distribute or spray its contents at any speed 
desired to meet the incoming gnst direct from the miU or elevator. Any 
inequality that may occur in the mix ing of malted and unmalted materials 
after those precautions are exercised is overcome by the effect of a few 
turns of the rakes in the mash-tun We have m mind at the moment, 
however, an instance of one of the largest breweries, using a high propor- 
tion of flakes where the mash-tun is not equipped with rakes, and yet no 
trouble arises from incomplete conversion or insufficient drainage. While 
shakers and rakes are of undoubted advantage, there are smaU breweries 
successfully employing flaked materials without the aid of the subsidiary 
plant named. It is to the smaller traders who are not included among the 
users of maize, and are deterred from adopting this adjunct by a lack of 
knowledge m regard to its manipulation that these remarks, in the main, 
are addressed. To produce the best results in the absence of a separate 
maize mixer and rakes, it is recommended to proceed as follows. Cover the 
plates of the mash-tun with water to a depth of from two to three inches 
prior to the commencement of mashing. Then run foreign malt grist into 
the mash-tun for a few inches in order to secure an efficient filter bed 
directly above the plates, which should obviate difficulties in connection 
with subsequent drainage of the wort. This should be succeeded by a 
mixed grist composed, as far as practical, of equal quantities of malt and 
flakes, the malt portion being made up mainly of the E nglis h used. The 
TTiaahin g is then Completed by a top layer of all malt. 

Operative brewers are conversant with the difficulty of ensuring that 
the malts will run forward to the mash-tun in their order, as the result of 
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special x)rocauti<nw, iluiy arc oxixioled to roach tluj grist coho, aud uo 
method or |)ro-arraiig(»mciit will ensure that tho bleiuiof flakes and malt 
will bo masliod in a senes of layers wliudi we had [ntsviously theoretically 
calculated upon. The dry maize has a less luitural tendimey to set in the 
cone of tho grist ease than well crushed Muglish malt, and tho flakes run 
towards the slidcw at a greater s]wed tluvn we luwi ix^rhaps bargaiimd for. 
Then tho malt that forms the upiwrmost layer in the grist case will not 
when mashed neeossarily e.xchangi» phuios and form tho corresponding 
layer in tho mash-tun. Wh ile mashing is proeoediug the uppermost hiyoi’s 
of grist are continuously deseowling the cone of the grist ease and arrive 
at tho Stools before tho lower iiortions. 

It would be impossible to state what mashing temperatures should bo 
employed to obtain tho maKlinum advantage <l(^riv(«l from the lunjiloy- 
mont of flaked maize, as to do so in the absence of knowledge of the system 
prevailing in any brewery might loa<l to disastrous results. A brewery 
having docidod to adopt tho use of tho adjunct we are discussing, should 
oommonoo with a low pereentago, say, 10%, an<l gradually increasing 
tho porcontago until a limit is roiuihod. By this method no ajipreeiablo 
alteration will occur in tho general character of tho beer produced. What 
this limitation should bo obviously tlopeuds u])on several factors. A 
flaked maize may be described as a somi-raw material having resgartl to tho 
fact that during the course of cleansing and projiaraticm for brewery use 
tho objectionable featiuxis present in tho original Indian corn are 
eliminated and the starch content of tho cereal are gelatinised. T’ho 
flavour produced in beer from a ]>roj)oi’tionof maize correctly chtansed and 
prepared is similar to that obtained from glucose, tlie source of which is 
tho same gram, but of course, the character of a beer derived from flaked 
maize as an ingredient is inferior to that olitamed from barU'y malt, cane, 
or invert sugar. 1 n nwirranging the peroentag«» maU»rial composition witli 
a view to including maize, all the eonsiderations iiuuitioned must bo duly 
weighed Reverting to the (piestion of mashing aiwl sparging toinjiera- 
turos, generally speaking a reduction in tho striking heat, normally 
employed for an all-malt mash sliouUl bo adopted. What the amount of 
this reduction of tomporatuTO should be d<»poa^ primarily on tho frialnlity 
and diastatic capacity of tho malts in use and if thoso main materials are 
satisfactory then very little reduction of tomporaturo will suflioo, and no 
alteration need bo made in sparging heats. A rather more fluid mash than 
when all-malt is UHc^d facilitates a spoodior conversion of tho flaked maize, 
although care must bo observed that this fluidity is not overdone or tho 
initial heat will bo raised oxoossivoly. 

Under all circumstanoos hurried mash-tun working is fatal to obtaining 
a large yield of extract, and especially is this tho cose when maize forms a 
portion of tho goods. When tlio ordinary precautions wo have dosoribod 
are exercised flaked maize can bo used regularly as an adjunct without 
additional plant, or incurring failure in securing tho maximum amount of 
starch conversion. 

Semirpiepaied Raw Material, ox “ Flaked Halt.” — ^In preparing these 
materials the starch is ruptured by steam (superheated steam) and tho 
mass rolled or pressed into flakes, the steam-heated rollers used helping to 
complete the drying. “ Toirefi^ Malt ” is barley popped by a sudden 
blast of heat in its course down an inclined shoot under which is a row of 
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what are practically powerful Sunsexi burners The grains^ even when 
xnade from small, thin barley, are larger and of less specific gravity than 
those of malt itself. It is convement to use, as it could be ground with the 
malt. 

Composition of Extract from Flakes. — ^The average composition of 
flakes, given by Julian Baker, is : — 


vStaroh 

Albuminoids 

Oil. 

Water 

Cellulose 

Ash 


riaJcod Maize. 
79 • 70 per cent 
11-38 
1-12 
7-28 
0-04 
0-48 


naked Bice 
81 36 per cent 

7- 21 

0- 83 

8- 13 

1- 64 
0-83 


But he has also pointed out elsewhere the efiect of the varying diastatic 
power of the malts mashed with it, as afiecting analytical results ; and 
this applies to operations on a large scale equally with laboratory results — 
illustrating, too, the necessity of a thorough intermixture insisted on 
above. Thus when maize flakes were mashed with an equal weight of 
malt (A), and twice the weight (B), the extract varied as follows. Result 
in brewefs’ lbs per 336 lb. of flakes : — 


A. B 

Blast Power o£ Malt (Maize 1 : 1 M^t ) (Maize 1 3 Malt ) 

40 106 60 106-4 

34 102-40 103 2 

26 100-25 103 3 

12 97 64 97 17 

It may bo noted that the object in caiTying out the labotatory mashes with equal as 
well as with double quantities of malt grist (the latter being the usual practice for flakes ” 
deteiminations) was to minimize the iisk of eiior in allowing for the known extiact of the 
malt. The higher extract shown undei column B, when malt with 34 diastatic power, 
and still rnoio when malt of 25 was used, may be due to such an expeiimental error , but 
it IS explicable on the assumption that, when malt below a certam diastatic standard is 
mashed with flakes, a preponderance of the diastase*con tamer is essential foi the best 
conversion lesults. 1 Unluckily, the conjecture is spoiled by the figures which the lowest 
diastatic value presents The employment of “ Flakes ” yields infinitely supeiior brewing 
results to glucose which is mainly obtained from maize Glucose, as such, is wholly 
fermentable in the primary fermentation, while the ratio of fermentable to unfeimentablo 
carbohydrates yielded by Flakes ” can be adjusted by the mashing striking temperature 
adopted 


The Filter Press Process (Meura’s). — ^This process has survived the 
experimental stage, and its advocates claim that it brmgs about an 
increase of extract averaging 4^% (say 6 lb. per qr ) , but others put this 
at the more moderate figure of 1 2%. Probably it will be even lower with 
well-modified malts (those which in laboratory determinations of extract 
show less than 1% of difference between their “ fine gnst ” and “ coarse 
gnst ” mashes), because in the wet grams from such malts the average 
carbohydrate residue is 1‘3%, while that found m a sample of filter grains 
submitted by a well-known company was 0 6%, the difference being 
possibly augmented by a small amount of cellular matter (digestible fibre) 
rendered soluble. With the exception of fine grinding, to the extent of 
pulverisation, the alterations are purely meohanioal : the very different 
temperatures traditionally used for Infusion and for Decoction beers are 
still retained. The changes are to use a steam-jacketed convertor instead 
of a mash-tun, its rounded bottom allowing a better discharge into the 
filter tbfl.Ti a fiat one possibly could. The discharge is through a pipe 6 in. 
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in diamoior and without hondn. It is found that a fall of 8 ft. gives a 
vdooity which carries the niash into every chamber of the filter, and 
though it is desirable that the mash shouhl l>o fairly liquid (3 barrels to the 
quarter), any additional liquor beyond the normal can bo added just 
before the discharge. The eiroctivc part of the filter consists of grooved 
metal plates with filter cloths stretched over and set on frames, the 
varying widths of wlxich — e.g., 2 2| in. (IJelgium), about li( in. witli 34 
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chambers (U.S.A.) up to 3 in. (England) — control the depth of each of tiro 
chambers and the thickness of the ultimate cakes of compressed grains. 

The wort is first drawn off by gravitation ; afterwards pressure of half 
an atmosphere may be used to squeeze out the strong woirt and lessen the 
amount of liquor required to wash the goods. This liquor enters the 
grooves, covered by the filter cloth, at one side of each layer of “ goods,” 
through which it passes, escaping at the other side. Time is saved because 
fine grinding quickens the conversion ; and, contrary to experience with 
sparges, it has been found that the finer the grist the better is the filtration 
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•—a fact probably expLaured '^y the absence of imperfectly oonyerted 
starch, tending to block filter-way^ in mash-tuns by adsorption.” Thig 
may commend the system for black beers, the worts of which often drain 
badly, as conversion can be crippled before filtration. 

Hot Grist Mashing. — Uniform heat within a variation of a few degrees 
is imparted to a bulk of malt grist by passing heated air into it for some 
hours (Clinch’s patent). The benefits claimed for this system are that a 
distinctly malty aroma is brou^t out in the grist and remains in the beer 
(some analogous results may be observed on toasting, or even warming, a 
slack biscuit before the fire) ; that defects in kilning, notably underouring, 
are made good ; and that the heated air coming into contact witib. the 
crushed particles of malt does this very effectively and without imparting 
the slightest increase of colour ; and that the employment of relatively low 
“ striking heats ” (no higher, m fact, than the initial heat desired) instead 
of heats 12® or 16® higher, with perhaps an underlet besides at a much more 
considerable temperature, not only results in speedier conversion owing to 
the non-coagulation of diastase, but secures the attainment of a large 
proportion of dextrin (or malto-dextrin if the view as to the absolutely 
uniform quantity of dextrin resulting from a starch-transformation be 
correct), with much greater yeast-feeding property than such highly 
dextrinous worts, obtamed on ordinary hnes, as a rule exhibit. A great 
tendency to fobbing, necessitating careful boiling of the worts, is evidence 
of the presence of much dextrm, whether free or combined, while the 
possibihty of reducing the pitching-yeast by some 20%, which is said 
indeed to be advisable, will show the yeast-feeding character that the wort 
possesses 

Stout aufl Porter Grists. — proposition advanced in some treatises 
dealing with the practical side of brewing, namely, that the initial heat for 
black beers should be low, needs qualification It has been stated that 
palate-fulness is thereby brought about, but the tendency will be exactly 
the reverse, unless lines similar to those suggested on the next page be 
followed One might even go so far as to say that in some cases, those for 
instance whore black beers are brewed in comparatively small quantity by 
country brewers having no large local demand for that class of product, an 
initial even higher than that used for running ales is required. 

More than in any other beer is a good firm persistent head a desidera- 
tum in black beers, and from what has been said before it will be under- 
stood that this IS attainable solely by ensuring the presence of a good 
proportion of dextrm, whether it be combined as malto-dextrin, or free, 
as was at one time supposed 

And although there is no diastatic capacity in the black or roasted 
malt, which forms part of the grist, and very little, if any, in the brown 
and other coloured malts, there is equally no starch in "^e former, and 
very little in the latter to undergo hydrolysis, so that the question of the 
wort’s relative poverty in diastase does not come mto play, and indeed 
has no foundation in fact 

There is no doubt that the extraction of a large proportion of albu- 
minous matters, especially in the form of peptones, also tend to give soft- 
ness and body, if their presence can be secured without the extreme degree 
of conversion into maltose, which, unless special precautions betaken, they 
will determine. This might be done by working on lines laid down in an 
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oarlior part of thiH ohaptor, i.e.., l)y getting a low initial Ix'at aiwl rapidly 
and. oonaidorably raising it (to diaHtaHe-(!rii>i>ling point) by frw or 

by some spooific mo(Iiiioati<m of tlio liniiUHl-dooo<(ti(m sysienn, or l)y tiio 
oraploymont of tbo hot-grist process. But failing fiuulituw for those, our 
own oxporicttoo makes for higher Jioats tlian those. uscmI for al(«. Ki in ilarly, 
wo hold that the “ nist ” or “ stand ” after mashing should, if anything, 
bo curtailed. 

Black boors aro browed from a nii.xture of pah*, brown, or amber, 
crystal or chocolate as pn^ferred, and x>atent, or blaok, malts, though in 
Dublin, and we believe in Oork, tlie brown is omitted. The Irish brewers’ 
patent malt, liowovcr, is not the over-roasitsl hUtek stulT (giving a rough 
and burnt flavour) which so often<lo(w <luty for i.hat niat<‘rial in Kngland. 
It is rather of a ricli cluxiolate iirown, aiul being u.sed in large (juantities 
easily esoapos the extreme slackness wliieh samph*s tak(‘n from the c.ountry 
browerioB horo would often exhibit. Also, as we are gi\ (*u to uivU«rsf.an<l, 
tho browors in Irolaml dojiond hirguly, if not solely, upon mult, while in 
England sugar is considerably used, aiul that of ion of very inhx'ior ijuality, 
under tho quostionablo idea that anything will do for stout, as the colour 
covers a multitude of sins.* 

Brown or Blown Malt is imule by subjee.tmg wcslUvegi'tal.ed barl(*y - 
after tho moisture has been duly got rid of- -to a su<ldeu blast of mt<»nso 
heat generated by heaping up the kiln fire with oak or bec'clu'u faggots or 
billots. Hie result is an increase of bulk av(‘raging 25‘J(„ it all the (*<m- 
ditions are favourable. Owing to the risk and the high nitiw of insuraneci 
demanded in consequonct*, tins malt is g(*nerally maile at ('«‘rt.am (’(‘ntn's 
by maltsters, the large London breweries being alone able to prolitably 
make for themselves. 

Amber Malt is manufactured from ordinary malt which, liou(*vcr, is 
subjected on tho kiln to the colouring ami flavouring inllui'iiccs <)b(.aine(l 
from high tcm])aratnr<*H maintained for a relativi'ly long period m Ihn 
liTMcncA of a fairly heaay tuomlurv content ’riiesi* tenipi^ral ures range 
from IGO" to 180’ or oven higher, and with ean'ful pn‘paiation tlie 
diastase should not bo completelv destroyeil, l<*avirig a I) 1*. ol from S 
to 10 Lintnor, Amber malt is valuable in the direiitum of contributing 
a “ malty ” flavour and aroma to stouts, but its employment has been 
found useful for tho same reasons ni beer production when using largo 
proportions of maize and rice flakes. Amber malt yields an e.xtrae.t of 
exceptional brilliancy, and it assists the cdariliisation of other worts by 
increasing coagulation or “break” due to fhi* degrot^ of iiaraim'lisation 
the malt receives in tho special kiln tri^atmont to wliKsh it is submitted 
on the kiln. 

Crystal Malt is prepared as follows : after undergoing normal germina- 
tion on the floors tho grain is soaked in a somewhat dilute sugar solution, 
or any weak solution of saccharine substances. Tho malt is then cured 
in the ordinary manner on tho kiln and its manufacture completed by 
methods similar to that adopted — although in a modified form — ^for 

• Also it may bo addod that another charactoristio of tho Irish system is attonvation 
poshed to an oxtromo that tho English browor. who rather aims at koi'ping a high pro- 
portion of unattonuatod matter in i>oor of this elasa, novor dreams of, body and condition 
being afterwards secured by “ wortmg,” t.c., by adding strong wort in incipient fermen- 
tation (what the German browors know as Kr&uson, annlice KreMno) instead of priming 
with dissolved sugar, as is general in England. 



THE MANUFACTURE OF COLOURED MALTS 256 

roasted or so-oallod patent malt. Crystal malt yields an intensely 
malty flavour and aroma peculiar to itself. It is valuable for colouring 
mild ale, to which it confers improved flavour, aji enhanced palate- 
fulness and an attractive rich colour. 

Patent, Boasted, or Black Malt. — ^The first name was given because a 
“ patent,” or licence, was required for its manufacture when the malt-duty 
was in force. It should bo plump and not too black , the malt oxhibitmg 
a brownish fracture is the best. It is roasted in a large revolving cylinder. 

Owing to the necessity of buying tiliese malts m larger quantities than 
arc required for ono operation, they are generally used in far too slack a 
condition for perfect success. A largo part of the aroma certainly gets 
lost, and accordingly, the late Mr. Stopes pomted out the advisability of 
using patent malt fresh, giving the following detailed method of producing 
it on a small scale. 

The apparatus consists of a perforated cylinder, turning easily on 
bearings, and fitted above a flreploco enclosed in sheet iron, which is 
eiEtended upwards, so as to form a chimney to carry away smoke, steam, or 
fumes. The cylinder holds one or two bushels of com, and should be kept 
revolving steadily. There should be a low coke fire at first, and after- 
wards, as the steam passes away, a brighter one. In thirty minutes a fine 
aroma steals from the malt, which should be inspected five minutes later, 
by which time a good chocolate tinge ought to have been acquired. In 
forty minutes the operation will be completed, and the charge may bo 
turned out to mellow. Mr Stopes also pointed out that slack pale malt 
may be more advantageously used in this way than by redrying it for 
ordinary use. 

This plan certainly involves trouble, but the advantage of using the 
roasted malt fresh is very groat Manual labour for turmiig would 
perhaps prove somewhat expensive, but moderate hydraulic power would 
perhaps do bettor than power got from the ordinary shafting 

The Manufacture of Black Malt. — Black malt is manufactured by 
placing ordinary malt directly into roasting drums and scorching it to the 
desired type of colour, without any previous moistening. According to 
practical experience it is advisable to have the black malt drums of such 
dimensions that about 2^ cwts of malt may be scorched in ono operation. 
The drums may be heated by open fire, and for carrying off the gases 
generated by the roasting process small apertures in the jacket of the drum 
are sufficient. In the interior of the drum iron rods issue from the wall 
which serve to mix the malt properly when the drum revolves so as to 
produce uniform scorching. A particularly uniform malt is obtained by 
the following proceeding : The malt is roasted in two combined drums. 
A lower drum is heated by direct fire, and another above by the fire gases 
of the lower one. The material is first heated in the upper drum, revolving 
about 9 to 10 times a minute. When the malt begins to show the first 
tints of scorching, the process is continued and finished m the lower drum 
over the direct firo until the desired depth of colour is reached. The lower 
drum makes 11 to 12 revolutions per minute. 

In black malts roasted dry in this manner the husk is strongly over- 
heated, which causes a profound modification of the husks. These black 
malts thus often acquire a burnt or empyreumatic odour and taste. 

To avoid these faults it is considered expedient to prepare black malt 
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not from dry but from inoiHtcuod malt. TuhUmmI of moiHtoiiiiig malt it is 
just as good to uso half liiushod kiln malt. In fact, black malts prepared 
from malts with a higher moisture content show a more uniform browning 
of tho mealy body. The taste also remains mikler, the hnsks being 
modified to a loss dogixw and luiuce less quantity of bitfor substances 
formed. 

Substitute for Patent Malt. — very efTectivo substitute for ])atont 
malt — at least in part — is “ spe(nally ])rci>ar(«i ejiratju^l " as supplied by 
various manufacturers, an<l it not only gives colour (about 14 lb. to 16 lb 
=s a bushel of patent in colour-giving power) but also lulds to the non- 
fenuoutable extract, and thus helps the produ(*.tion of a full-bodied article. 
Its tendency, too, is to inorease tho iM'rmaneiu'c and brownness of tho 
head. 

Tho following grist of 30 (luarters has b(‘en recommended for porter — 

Palo Malt (and ocpiivalent in sugar) . . . 2t 

Brown Malt ..... .4 

Patent Malt ... ... 2 

30 

And for stout 4 bushels loss of patiuit and 4 moni of pale malt, tho 
required length being shorter 

For some districts, e g., where blending with ale is (lon(‘, this stout 
might bo too pale. Tn a ease where deep colour is ivquired, the following 
proportions answer for stout 

25 quarters pale, 4 (piarters brown, 2} (piarf,(U's patmit (in mash) , 
8 cwt (approxiinaU4y) of cane-sugar, and 140 lb. of stout i-aramel 
Those quantities, of course, to bo adjust.cKl in accordance with the ((iiantity 
and gravity of tho wort reipiired Much larg<‘r proportions of caramel are 
employed by some brewers, and then* ani (uiscs in which it has cntir<‘ly 
replaced black malt. 

Wo hold that tho mashing liquor should, if possible, be boiled for stout, 
and that common salt should bo added to the maximum extiuit formulatocl 
in tho chapter on water. *» 

Dead Mashes (and flooding of Goods). — Fuictors whi(‘.h <leu*.rmine 
doadness of mash are over-fine grimling of tho malt, tho se[)aration of tho 
heavy flour from tho lighter husk, which otherwise tends to keep it 
buoyant, perhaps intensified by jarring in tho elevatiir cups, and an exces- 
sive fall into tho gi*ist-oaso, steely malt, or tho uso of too much huskloss 
malt substitute. Knocking about of the mash with the rakes has also 
some influence in tho same direction In the first two, and probably in tho 
last two oases, a layer of pudding-like starchy matter will, wlien tho grains 
are thrown out of tho raash-tun, bo f oun<l to have formed midway between 
the top and the bottom, or lower. This layer, obdurate at iirst, may 
partiafiy, if not entirely disappear, owing to the solvent action of tho 
diastase, and thus, as is generally found to be tho ease when tho taps make 
a bad start, drainage gradually improves. At higher temperatures, bo it 
noted, the liqu 6 f 3 ?TQg action of diastase is even more rapid tlian its 
saccharifying action. 

Spai^dnS formerly produced deadness of mash and consequent flooding 
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of the goods. The spaxge-hquor should flow on evenly and lightly, a 
three-armed sparger being better than a two-armed for a large mash-tun. 
Messrs. Wilson & Co., of Frome, arranged a simple but 
ingenious appliance for testmg the evenness with which 
spargers work. It is, m effect, a shallow vessel made of 
copper or tinned iron, the bottom forming a sector of the 
mash-tun circle— i e , occupying an angle enclosed by 
two radii, and the arc they cut off. This vessel is then 
divided by partitions, as shown in the annexed outline, 
and placed upon a level corresponding to the surface of 
the goods The sparger being then made to revolve 
with liquor in the usual way, if its action is correct, 
obviously all the divisions of the test- vessel wiU be filled 
simultaneously Flooded mashes are now, however, 
seldom due to faulty sparge arms. The liquor falls from 
the modem spargers m the form of an exceptionally light and fine spray* 
which does not adversely affect the origmal buoyancy of the “ goods ” at 
mashing 

The heat of the sparge-liquor should be so regulated that the tempera- 
ture of the “ goods ” shall not, at any time, exceed 160°, and an even 
lower temperature may sometimes cause the extraction of starch. Not 
that the unconverted starch, as such, is specially injurious, but its non- 
conversion does sigmfy waste ; moreover, a heat high enough to liquefy 
starch and destroy even a weakened diastase probably involves extraction 
of certain nitrogenous bodies in a state of semi-solubility (see p. 158), that 
is to say which are soluble at high temperatures and in a saccharine wort, 
but which, in the absence of these influences, may determine a serious and 
persistent turbidity Moreover, towards the end of the sparges the 
" goods ” temperature should show a decided drop As a general rule, 
sparges beginning at 170° to 175°, and finishing at 160° or 155° F or even 
lower, would be within the limits of safety The collection of the mash- 
tun wort should be regarded as two processes (1) extraction and (2) 
“ washing off ” During the extraction the goods should be mamtained, 
or even slightly exceed, the original depth At that point when it is 
known that starch conversion is completed, “ washing off ” should then 
be proceeded with, the wort being collected at a considerably accelerated 
speed The depth of the goods meanw'hile being allowed to gradually 
diminish until the final coppers lengths are collected By careful and 
skilled working sparging can be contmued almost until the stage just 
named has been reached 

The Underback. — ^In some of the new'er plants attempts have been 
made to dispense with the underback, the mash-tun taps running directly 
into the coppers Although it is convenient to be able to run straight into 
either copper, writhout the wort passing through the underback, yet the 
latter should not be suppressed. It should be adjoinmg the coppers and 
like them of copper, and at a level higher by a few inches than the rim of 
the copper, so that the wort can flow easily into those vessels. The under- 
back should c^ainly have a steam coil ; and a convenient size, having 
regard to the necessity of sometimes keeping back strong wort for the 
purpose of bringing up the gravity of later coppers (especially in the case 
of parti-gyles), would be one capable of holding fully one-third of the 
au. B 
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maximum amount which can li)c boihKl in tl»c lar^jfcst oopjKjr Wo may say 
from oxporionoo that ono holdiiig only oiw'-fourth is HomctimoH found 
mconvoniontly small. 

For oxam])lo, a hrowcr is, let iw say, iji tlu^ hahit of hrowinf* 200 barrels 
at a time, of which lltO haiT(‘ls ani pule ale uu<l 70 barrc^ls XX. We need 
not ontor far into Jiis wwons for arranging his bn‘wing thus, which may 
bo complex ; the arrangement may 1 m» <ii<-iiah‘d by sonui eonsaleration (k 
oonvenionco in racsking, wlnl<», owing to tlx^ pa It* jd<< bt'ing inorti or lt»ss of a 
running character, or ticrtainly not si^jck in tht* full st‘n.se of the word, the 
mashing conditions which suit tint one kind of ale will not be unsuitable 
for the other. Well, in hitwing the above tpiantity, ht* finds perhaps tliat 
it does not do to habitutilly gt^t tntrrv. lhan 25'*^, of his X.X t'xtnu't from 
sugar, within which limit an undt'rback holding 20 to 21 barrels of strong 
wort (of 30 to 35 lb. gravity) will eiuible him to kt'cp ; but supposing that, 
owing to some extra pressure, lie uant-s to brew SO barri'ls, which his 
larger copper is quite capable of turning out al. one* boiling, then ho will 
find, having only an undiwhack of the above size, that he must excetsl the 
porcontago of sugar wliich he finds mo.st salisfacf-ory 

Our oivn cxperionco is dead against exccs'ding a certain limit, which of 
coursomay vary with cinmmsfanec's and indifh‘r<*nt {ilants, < )ncci ina way 
an excess of sugar beyoivl the usual maximum may tlo no harm, but per- 
sisted in it will tend to yeast-weakness. Wpi'cial ni(‘asur<>s, such as tlu* (‘in- 
ploymont of some form of poptonisixl or mln(*ral yc'asi food, or a good brand 
of manufactured malt extract syrup, may facilii.ate the use of evi'n larger 
percentages of sugar ; an instaive is even wit lunour knowkxlgi* w lu're beers 
of consklerablo rcinito have beim linaved with as much as 50'),', of sugar, 
tho yoasi being at the same time of rather exis'ptional purity and vigour 

Stewix^ fhe Wort in Underback oi Copper. 'I'his ]>raetiee, whieh 
consisted in keeping the worts while gatlu>iing, or for part of the turn*, at 
a uniform (and converting) temp(*ratuni of 170", or somewimti uiidc'r, was 
at ono time advocated, either with the kIcni ol seeuring f.lu* eonv<‘rsiou of 
any soluble starch, or from soim* misty not.iou of pi'pfioiiisat.ion Hrewers, 
howovor, 1 think, came to tlie conclusion that. wiia.t<‘v<T liie hcivdits of 
tho system might he, an<l they w'ero not. vi'ry ajipan'iit, th<*y wi'i’i* luxivily 
discounted by a thinness of palate develojii'd ilu^ri'liy Xljiliehh'rs of the 
amyloin theory maintain that diastase in tho iindorhai'k has no power of 
degrading to a typo lowtT than that of tlie iiialto-dextrms already co- 
existing in tho wort, and they would sttwv (if th(*y did it at all) tho later 
runnings, in which both porcontago and i<ype of maito-(lo.xtrin are generally 
very much higher, with some of tho diastatio first wort kept hiusk at a 
suitable tomporaturo. 

Boiliig. — ^Tho objects of boUitig aro fourfold : — 

1. Sterilisation of wort in regard to Ihoroin-existing organisms. 

2. Coagulation or precipitation of certain albuminoids. 

3. The extraction of as much of tho hop-aroma as possible.* 

4. To obtain tho full olTcot of any directly antiseptic influence which 
the hops (probably in their rosins) possess. 

As to 1, some very interesting rosoarohos hy Dr. G. H. Morris have 
shown that absolute sterilisation is securoil — almost universally — by 16 
minutes’ boiling with hops in the ooppor. In ono case only out of several, 
• Methods of working out proportions arc givoii in Chax>tor V., '* Tho Browing Room.” 
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and that when the malt was apparently a very bad specimen, did a sample 
of wort, taken after a 16 minutes’ boil in the copper, and then submitted 
to the ordeal of the forcing tray for 7 days, show a few short bacilli ; 
others showed none after 21 days of the same treatment. 

Dr. Morris thinks that the temperature of the boiling wort, which he 
fixes at about 215“ Fahr. for the lower part of the copper, is greatly aided 
by the acidity of the medium, due partly to the lactic acid incidental to the 
malt and partly to acid (tannic) derived from the hops. (Acid liquids are 
much more easily sterilised than alkaline, as Pasteur showed long ago ) 
Also it IS aided, he thinks, by an antiseptic property which the hops 
possess, and which is supposed to reside in some of the resins. He quotes 
Hayduok’s experiment as showing that the extract of 1 gramme of hops in 
600 o.c. would be sufficient to entirely stop the action of the lactic ferment, 
and to restrict, more or less, that of the other disease-ferments except 
Baderium a^ti. Hayduck’s extraction, though the fact is not stated, 
was probably an aqueous one, so that the conditions are not quite on all 
fours with those which obtain in the brewer’s copper ; but, on the other 
hand, seeing that the proportion 1 : 500 only means about f lb. of hops 
per barrel, the brewer’s position is in respect of quantity more favourable. 

As to 2, the albuminous matters afiected by the boiling divide them- 
selves into two groups, those coagulable by boiling (or, indeed, by a 
temperature of 180“ Fahr ), and those precipitated by the action of the 
hop-tannin, which oombmes with them, forming insoluble tannate of 
albumen. The former separate as a flocculent coagulum in very minute 
fiakes, and though partially redissolved in the boiling wort help to form 
the cooler sediment. They are easily precipitated, so much so that a 
sample of first-copper wort, taken almost directly after the length has been 
made up (we refer to one which has been at, or near, boiling-point when 
gathering), wiU often filter bright and remain bright, and even if boiled in 
a beaker will give little or sometimes no fuither precipitate. 

The case is different with the tannate of albumen. TTiis is only formed 
after somewhat prolonged boding (necessary, of course, to extract the hop- 
tanmn), whereupon it shows as a somewhat coarsely fiaked coagulation, 
forming the portion of the wort-constituents which separates when the 
so-called “ break ” occurs. 

An apparatus was on sale to remove the albuminous matter "which is 
coagulable by heat, before its re-solution in the boiling wort. The wort in 
its passage to the copper is first heated, then cooled, and then passed 
through a ceUulose-filter, which removes the albuminous coagulum, and 
it was claimed that thereby a good deal of potentially harmful matter is 
removed, matter which, it was alleged, does come out of solution agam 
slowly both in cask and bottle, and forms a considerable part of the 
sediment in both. 

No. 3, is to add the hops, which have been apportioned for each copper, 
entirely while the copper length is being made up, i.e., to have them ad in 
just before the copper boils. 

Hops, when added to a boiling copper, should be roused in to prevent 
the volatilisation of their essential oil before they get submerged. Volatile 
as *biR oil is, there seems reason to suppose it less readily driven off when 
diffused through the wort. 

As to No. C although it has been suggested that any antiseptic pro- 
as 
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poriiioH poHHOSHod by tlu‘ hop msuU* lu Uu‘ r<‘Huus, this is l>y no mcaas 
coilrfiiu. At auy raU‘, a ^ood boil is iw'cassary !<> ilissolvt' tluw n'sins, and 
as they s(‘om soinowliat luiiinati'ly bound up w ith a iKid.ion of t luMNssiMilial 
oil, it IS pi'obablo that a stron^j; bod, by ilissolvinj; tnoro of the latt(>r out, 
will retain as juuch in the nett result as a slack boil \\ln<‘h eaus<‘s less 
volatilisation. It is I’lanarkabhs Uo\vev<‘r, that no apparatus has Ix'en 
devised for geniM'al use to si'curi' tlu‘ retention of till tlu' esstudial oil (so 
inueli of which now scents tin* air for iurlonj>s’ distance when <'(»pp<>rs aiii 
bodiuf^) without losing the advantaf?!* of vipirous (dudlition 

Steasn-boiling p. Fire-boilii^ Closed r. Open Coppers. In spitt' of 
theinereasinf» use of steain-jaeki'ted coppers, th<*re is still a feclinn in inan.v 
(juarters tJiat they are only a eonv(*nli'ut inaki'sbift, far inf<*rior to lire- 
cop{)ers for producing a. k(‘(>pni;^ and brilliant bci'r ( )ne who has m'cii ales 
(luito up to tlu‘ avera}><‘ in the fornuu’ respis-t and infcrioi to none in the 
latter, produe<‘d in a l)r<‘W<*ry where t.he only bodini; vessel was an iron 
S(|uare back, with a coil, w hieii only suc<‘ccd<*<i in k<'<>pnig up th(‘s(‘inblauce 
of a bod for the greati'r part of the linn* that th(‘ w ort was supposisl t<o Ix' 
boding (soinetiin<‘s not inoii* than SO iniiuit<*s), may well fci*! soinew hat 
sceptical about this 

The notion appears to he that as the heat of steam is not. inoie than 
212", or, say, not more than 21-0" when at consuh'rahle pn^ssure, wlu'reas 
the heat ot a furnaei* will he se\eral tunes this, the luud Irom the latter 
must he much moiv si'arelnng and etlectivi*, it biung forgotten that, d this 
wore so, if in fact the VMirt wiwe not prot<‘et<‘d irom such evtieine teiuper.i- 
tuivs by an impalpable cushion of vapour hid ween itsidl aii<l the inner 
suiface of th<‘<‘opp(‘r, and which prohahiv absorbs all tlu* heal ahovi* 212", 
or, say, 210" (for the teinpi'ratuM* will vaiy with the depth of tlu* luiiinl, 
being higher at the bottom of the copper \\h<*re the piessiiie is giiMti'i), 
the brewing of a pale bt'ci in a fire-eopper would hi* mipossihh*, owing to 
the caiainehsatum which must ensue 'I’lial a lire-eopp<‘i , elo.sed at the 
manhole, anil in which boiling takes [ilace und(*i soiiu* amount of piessuii*, 
will b(* tlu* best for black lu'i'rs, may he r<*addy believed 

Open eoj)p(*rs an* lu'ld to colour worts li*ss than elos<*d eopp(>rs do, 
])rcssure on tlu* l<it.t.<*r causing soiiu* <‘arani(*hsaiion and (‘\tractmg colour- 
ing matter from the hops In a <lonu*-aiid-|ian copper pah* h<‘ei>i can 
corl.aluly he hri*wi*<l 

Hot Aeration of Wort. 'Plu* value atta(‘lu*d to tins rests on the v'u*w 
that at high leniperatures, and at high temp<*ratur(*s alone, atiuospherie 
oxygon enters into rhctmcal comhimition (as dislinet Irom tlu* free oxygen 
ontaiiglod at lovv(*r teinperatiin's) with <*ert.ain constituent*!, r(*sinous or 
laitrogcnous, whiith it eliminates in the form of eool<*r sediment, thereby 
lessoning the risk of a later incomplete cask precipitation. Whether 
worts on a cooler with a layer of vapour above them an* in surfaee eontact 
witlx atinospUerie oxygtni is open to question. l»reei pitation of suspi'iided 
matter is mechanically more rapid from thin biyers of wort on large cooler 
areas than from bulks of groat depth, but tlio coolers certainly atloiil scope 
for the infection of the wort by microbes. (See “ Ture Air Installations.”) 
The numbers of those organisms, neutral or hurtful, liavo been estimated 
by tons of millions, and were it not for the gmat jireponderauce (if the 
yeast colls (reckoned by a modest computation at about t)0(),()0() milUom 
per lb. of dry pressed yeast) they would soon bo masters of the situation. 
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It may be woitli uotmg and for the student to visualise the figures, that 
this number of cells would have collectively a surface capacity estimated 
at 2,303 sq. feet, and that in each barrel of fermenting wort pitched with 
1 lb. of hquid yeast, the initial area of the yeast-like cell surface may be 
taken as half this, viz,, 1,132 sq feet. 

The Standardisation of Brewery Piraduce. — ^The Successful AppTieji.tinTi 
of a New Scientific Principle in Purifying, Heating or Cooling the Air of 
Breweries. — ^The maintenance of regularity and precision in the general 
character of any manufac- 
tured article is the keystone 
to success and continuous 
progress m business and 
the enhancement, to an 
incalculable extent, of com- 
mercial prestige The effect 
of the moral influence due 
to achievements in manu- 
facture IS, it will be readily 
conceded, of a more far- 
reaching character in the 
brewing industry than m 
any other trade 

Irregularity in the 
quality of output and the 
consequent uncertamty en- 
gendered in the public mind 
in the matter of supplies, 
are adverse factors ot so 
damaging and insurmount- 
able a nature, that brevt ers 
are finding it increasingly 
difficult to overcome the 
prevailing competition 
Hitherto, up to a certain 
point, the application of 
scientific principles has 
assisted in the standardisa- 
tion and stabilisation of brew ery produce For example, the biological 
changes which occur in the conversion of barley into malt are now 
better understood, and the brewing and market values of malt and other 
extract-yielding materials are now’ assessed on definite analytical 
standards The power of enzymic action in the hydration of starch 
IS now known and the proportions of fermentable to unfenuentable 
carbohydrates can be, in some measure, adjusted and regulated by the 
aid of the polarimeter, as through the medium of the tintometer 
beer colours can be standardised. Equally so in other and mmor 
directions Yet with all the know’ledge the modem scientifically 
trained maltster and brewer possesses, with the observance of every care 
in the selection of materials and in ensuring exactitude in his methods of 
working, and despite the undoubted advantages gained from the numerous 
appliances he can call to his assistance in his endeavour to produce beers of 
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uuirorin tiuahly and Mtal>ili1..V, 1ms always oiM^raitid hitliK'rto asarios 
of BUi)roJU«ly donuiuiiiiiji; agoiits whioh s«>oiu‘r or lalor foikni tha hrawar’s 
untiring olToris to jutlutw'a Kuaa«ws in d(5s<'rv<»<lly anjoying tha proAusioiuil 
satisfaction owing to him, in rt^turn for th(‘ aura uiwl skill appliad. 

This unsatisfiu’tory stah‘ of affairs is dua to injvdion. in mora or lass 
dcgrou by air-honui disoaso producing and aaiil-forming miaro-organisnis 
which primarily iiontaminata tha works, uiul in aonsisjumiaa tha yaast, 
with the inovitahia rasult l.hat tha hears hwk stability, thair flavour is 
impaimd, and thair brilliancy obscurisl, t.ha latter fault in itsidf randariug 
modarn brawary produce absolutidy unsalaabla 

Formerly, with pni-w'ar Ixs'rs of lughcr original gravity, tlu^ eon* 
tamiiviting affects of infection wan* somewhat, minimisisl by tha added 
prosorvativo powiu* aonfarnsl by tlu* hcavi<‘r hop rates tlu'u obbnning, and 
the incmisad alcohol an<l (’<)« ‘*<mtant of beers in g<‘n<‘ral. In luhlition, 
the pitching yaast from tlu< worts of that period was not only more 
jiowarful anil vigorous in action, and thus more cafiabla of clicking the 
development of ali<‘n micro-organisms, but the yciust than raproduis'd was 
sufficiently grt'atar in amount, to permit the biewer to si'laet his yaast for 
subsoipient pitc.hing purpos<‘s from the pur<*r mi<ldla skims 

l*ost-war beers ari^ brawi'd uud(‘r conditions that. pn‘s<*nt diniciiitu's of 
a character which br(*wcrs ol a past ganaratn m. would r<‘gard as insup(*rable. 
Jjower original gravities, d(‘aM‘as(‘d hop-rat<‘S, an<l nsbussi alcohol content, 
all render modarn malt b<*varagas meapabh* of combating the d<‘sl,ruetiva 
effects produced by int<*ction from bacteria, mouhls and wild yiwvsts 
Moreover, by reason of tha la<’k of soluble miivuMl and organic yaast 
nutrients in pi’esant-day worts, yaast production is ri‘duced to a point, the 
paucity of which deprives th<< br<‘war of the vahusl ailvantagit h<» fornu'rly 
possessed of n*jeeting unsuitable lusids lor future use*, and by bi'ing tlu'n 
in the happy ])(>sition oi making his chotci* from a planituilo ol materiul, 
he was obviously assisted m maintaining his strain ol yeast in a state of 
greater purity an<l pow(*r than it is possible to att-ain nowswlays 

Having regard to tha alti'nsl and lulverse (sinditions of W'orking which 
has now for some years obtained in every brewery an isiriiCst attempt w'as 
made to solve the ])roblem by attacking it at its loundatioii, or in other 
words, removing tha lundamental cause of most ot the ills the modern 
brewer is hair to. Wa refer, of course, to tha purilication of air in 
breworioH earned out under systems which on the evidence ol usem them- 
selves are not sulliciently olTixitivo to ensure regularity of results 

Messrs. Haenan and Froudo, the well-known (‘uginaers, of Worcester 
and Manchester, have for many yeara manutacturad i>hints for the cooling, 
purifying, filtering aivl heating of air, which miuihincs, with the naxjcssary 
auxiliaries, are now to bo fouiwl in nearly ovary country. Thair success led 
them to consider the cpiostion of air purilication for breweries in all it.s 
bearings, and tbo advice of loiuling bacttiriologists were souglit, with a 
view to the evolution of a plant diat would, in tlio niattor of ollicioncy and 
economy of working, supersede all others. The present writer, it may bo 
addod, represented in. a humble way in the exhaustive investigations which 
proceeded for some time, the point of view and roquiromonts of the browor. 

Bacteriological research has furnished proof beyond aU possibility of 
doubt that bacteria are, in brief, incapable of passing through water, and 
it is in the application to the full of this hitherto unapplied scientific 
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principle that the complete success of the new “ Heenan, ” plant is 
due. 

The “ Heenan ” Air Purifier is of the stationary type, the outer casing 
being rectangular in shape, made of stout mild steel plates. The base of 
this casmg forms a tank into which the cooling water falls previous to 
re*oirculation by the pump. 

The cooling and purifying medium consists of a series of screens arranged 
horizontally, and built up of phosphor bronze metallic wool. These screens 
are fitted into the upper portion of the purifier casing, and the cooling water 
is distributed over them through special perforated brass water troughs. 

The air to be purified is drawn from the atmosphere by mfiang of a 
centrifugal fan bolted to the side of the purifier casing, and distributes the 
contaminated air to the underside of the lowest screen ; the air is forced 
through the purifying trays, and leaves the purifier at the top in a perfectly 
pure condition. A series of eliminator blades are fixed in the path of the 
purified air to arrest any loose particles of water that may be entrained in 
the air. 

The air after leavmg the purifier is in a highly saturated condition at a 
temperature closely approaching that of the cooling water, and with re- 
circulated water the temperature of the purified air is only some 2° or 3° 
Fahr above the wet bulb temperature. This ensures a supply of purified 
and cool air, but should it be desired to heat the air, a heater is fixed in the 
duct from the purifier outlet so that any degree of heat can be given. 

The usual method is to re-circulate the water by means of a small 
centrifugal pump mounted alongside the purifier This pump is generally 
motor driven, and a further drive taken up to the fan shaft, but if con- 
. vement a drive can be taken from any counter-shaftmg 

The advantages accruing from this cooling or, on the other hand, the 
heating of the purified air, lies in the direction of a considerable economy 
in the total period of time occupied in the refrigeration of the copper worts 
duo, it will be seen, to accelerated evaporation or intensified condensation. 

The ” Heenan ” Air Purifier can be installed in any department of the 
brewery promises, but from the experience gamed by the present writer 
from an extended working of the plant, fuU efficiency is best secured when 
the machine is placed to command the hopback, wort-receiver, or coolers, 
and the refrigerators Tlie wort as it reaches the hopback is sterile, a 
condition that is transitory It is essential that all worts should receive 
efficient hot aeration — one of the most vital processes to successful brewing 
— and the necessary deposition of the “ grounds ” which results therefrom 
cannot be obtained without an attendant rapid and considerable diminu- 
tion of temperature to a limit that is too low to destroy the causes of 
infection inseparably connected, to a more or less extent, according to the 
season of the year and the situation of the brewery, with all cooling and 
refrigerating rooms. 

From the exhaustive bacteriological determinations obtamed by the 
County Analyst of Worcestershire, the air as it emerges from the ‘ ‘ Heenan’ ’ 
Punfier shows unexampled standard efficiency of 100%, even when 
atmospheres of abnormal impurity are under treatment, and it follows that 
when the “ Heenan ” plant is installed, the wort remains sterile at collect- 
ing in the fermenting vessels, providing, of course, ordinary precautions 
are observed to prevent the ingress of impurified air from outside sources. 
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In browing procoHKOH, by far the moHl. vuluomblo or HiiHcoptiblo to tho 
devastating ofiocts of mfootiou, those of wort coohug and refrigerating. 
It may be ajcgxiod that, to a minor extent, it would lii^ ilosirablo to extend 
the purilieation motliods ho well begun, to the fermenting, Hknnming, 
racking, and yeast rooms of a brewery II it is a ^llu^Htiou of rendering 
security doubly secure, then tins subsidiary installation can most readily 
be carried out, tho additional outlay merely involving tho expenditure 
incurred in the purchase and ereetion of auxiliary air-ducts to any desired 
department of tlio brewery. 

For our part, speaking from an extended expiTKuiee of the value of tho 
“ Heenan ” Air Punlier the efficiency of the mam installation already 
described in full will, in the majority of instanei's, prove sufficient. 

The adoption of a “■ Heenan ” Air Purifier solvi‘s th(‘ problem that has 
harassed the browing industry for generations, nami‘ly, that of stHiuring 
precision and exactitude of results in that the bt‘er r(‘aelu‘s the consumer 
improved in llavour, of increased stability, an<l in brilliant eonditioii. 
Such beers maintained in the lorciiig tray at high tempi'rntures ilo not 
develop wild yeasts, bacteria or moulds 

It is acknowledged tliat beer suceessfully bottli‘d on tlie luitural system 
is the acme of tho bottler’s art, and yet the syst^un is IxMiig supiTsedcd by 
recourse to chilling, iiltering and carl>onation The faults hitherto of the 
natural system of bottling are the irregularity of produce, tluo to 
the development principally of wild yeasl. haze, priuuature acidity 
“ floaters,” and excessive deposit By reason of the eomplete elimiiuition, 
at the source, of contamination by disensi'-produoing miero-organisins 
from beers browe<l under the “ HwMian " l*ur(‘ Air systiuu, an* wlu‘n 
bottled naturally, free from tho disadvantages (*nunu‘rale<l above 

It may bo asked in what manner is flu* pitehmg yeast affi'cled 'Plu^ 
yeast IS improved in such a measim* that tlu' lu'eessity tor ” ebauges ” is 
wholly obviated. 

Examined niiorosco])ieally, the yeast skimmed from worts eolh*ct(‘d in 
a sterile condition by tlie aid of the “ Hei'iuin " Air Purifi<‘r exhibit fields 
uniformly free from “ rods ” and other micro-organisms wliieh iwlvensely 
affect the goiioral quality of tho finished b(‘er 

As already mentioned the n’ort is more susci'ptibk* to infection, and 
its subsequent intensely adverse effects ujam l,h<* finislied be(*r, during 
the coolmg and refrigerating stages, and alfitiough l>y flie ajiplicution of 
the Pure Air System described the wort reaches the F V sterile wdierc 
it obtains the protective influences of the yeast w hen the latter is in the 
full vigour of a normal fermentation, yet there are instances wli(*n* the 
purifying and the storihsing of tho air may with eonsKlorabie leclinical 
advantage be extended to other departments of tho brewery 

The fermenting or skimming rooms can be, so to speak, swept clean 
of air-bom micro-organisms and other atmospheric impurities prior to 
the commencement of wort collection in fermenting vessels and through- 
out the rousmg periods. In breweries whore the dropping system obtains 
the “ Heenan ” plant can be employed with considerable advantage while 
the partially attenuated wort is in tho course of transference from one 
vessel to another and also throughout the skimming stages on this 
particular system. 

The interior of the various rooms are maintained under the con- 
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tiuuous pressure of punfled air, so that external draughts cannot intro- 
duce dust — contaminated as it is with disease producing micro-organisms 
— and unfiltered air into the building. The air is cooled to a low 
temperature or, on the other hand, if desired, it can be heated before 
leaving the Purifier. 



ARRANGEMENT OF BREWERY PURIFYING PLANT. 




CHAPTKIl X 

yimMENTH IN amNhUiAL 

OiMSANISBn AMI) UnoROANISKI) KmHMHNTH— H<)-CAI<M 0I) iNORCIANKi KmRMENTS— KnSSYMKH 

—Table ob Knzymkh with FirMiiTioNH- Dmkinition oe Fermentation— (3 brm 
Theory v . Spontaneous <3eneration- PitoKKhhOR T\ni)aij/s I)Ki)irorioM — 
Funqi— Why Ferment-Oroanihmh must iJECiiAssEi) as Vkobtahle Oroanihmh — 
Pasteur’s SoiiUTioN - NUjvr as an I<3\ami’I-e- Raulin’s Liquid — 
Protoplasm— II MMi A -Myceihum SKi-rATioN- (*orrri<ation oeCIrowtii — Ahor- 
TivB Myc ELIA- Modes or Rbi'roduction- I’oi.ymori'iiism and Plbomorpuy- - 
SOUIZOMYOETBH- ll\ I'lIOMYOBTES AND SacI'IIAROMYI'KTKS- TiIE AID'ROSCOPM — 

Hints .ON Selection and Manaoemknt or Microscope— A node or Aperthhb— 
Its Parts — Maonipyino Oomhinations- Kxamina'iion or Yeast 

It was at ono time tiustoinary to class toj'c^hcr as Kcmioiits all the 
agencies taking direct pail oitluT in alcoholic or acul forrneutatioiis, or m 
those hydrolytic ])rocesHOS which result lu the hn’akiiig up of coniplcx into 
simpler bodies, and which aiv, in the main, so far as tlu‘y directly affect 
the brewer, prolimiiviry toferineiitatioiimits tornuu* and more restricted 
sense That is to say, the term Kermeuts included organised structures 
like yeast and bacteria, with adidiiuteshapoand mode of propagation of 
which the microscope informs us, and cipially those unorganisiHl active 
products formed during metabolic ])rocess(‘s in living cells, v (j , invertase 
in yeast, or by plants tluring germination of tlu'ir seisls, c g , diastase and 
peptasc, including, too, those found in the animal economy, (ptyalin, 
pepsin, trypsin, etc ), which are analogues of similarly acting v(‘gi‘tal)le 
secretions I’hcso are now better distinguislied as Enzymes, a n alternative 
term “ Zymase ” having now been alloeateil to one eii'/yme, obtaiiuHl from 
yoast-juico, as the eiwynio or zymase pat (‘.m'llrurc 

Homo writers have even included under the iiutiu' of Inorganic Ferments 
those mineral acids which are able und(‘r suitabh' conditions (dilution, 
intermixture with a solution of the complex body to l»‘ operated on, and 
temperature) to determine changes like those oi starch into dextrin and 
dextrose, or of oano-sugar into invert, without themselves undi’rgoing 
change or loss in the operation, that is, by catalysis, but this seem?, to bo 
stretching the term iimluly, as the catalysts, though bringing about 
hydrolysis like most of tho enzymes, have no connection, as the latter have, 
with tho living organisms inseparahlo from fermentation 

Wliat exactly the enzymes are, what their composition, and how they 
function, is not yet very clear Many of them have been extracted and 
kept in a more or loss pure state for some considerable time some in tlio 
dry state can bo heated to 100” C without being weakened, but in tho 
liquid state, in which they function, tomporaturos which appear to show a 
vital relation, still existing, to tho organisms wlioroin they originate, are 
fatal : at the same time tho fact Hiat, below those fatal tomporaturos, the 
“ optimum ” temperature {i.e., that of tho groatost functional activity) is 
relatively high points to their action being dependent on molecular 
vibrations, which we know are accoloratod by heat. 

• Over 600 true yeasts are known Threo names (Pasteur, Hausen and Hucltnor) 
remain intimately assooiatod with tho study of yeast. 
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The hydrolytic enzymes (hydrolysts, the body acted upon being a 
hydiolyte) have the power of bringing about changes which bear no 
relation to their own mass. They are highly complex bodies, of albu- 
minoid character, unorganised, that is, without biological structure or inde- 
pendent life, though always, as has been said, of organic origin. The 
secretion, at least of one of them, diastase, appears to be a starvation 
phenomenon, seeing that the development of it, though normal in 
germinating barley, does not occur if the embryo be supplied with sufficient 
sugar for its nutrition. It is possible that this limitation of secretion may 
apply generally ; also that a condition precedent to the action may be a 
combination of the enzyme with the body acted upon, definitely shown by 
Wurtz to occur in tho case of Papam, the vegetable pepsin of the papaw 
tree. In this case a compoimd of papain with the albuminoid being acted 
on can be isolated by washing with water, which upon digestion m water 
at 104° F surrenders the latter as peptones, while regenerated papam is 
available to act upon another portion of albuminoid In this case alter- 
nate combination and separation would be the keynote of the action, and 
would go far to explam independence of mass Similarly, O’Sullivan and 
Tompson have pointed out that a solution of invertase and cane-sugar can 
support a higher temperature than one of invertase alone, which indicates 
a probable combination between the enzyme and the cane-sugar acted on. 
It has been stated that enzyme activity is catalytic, like that of mineral 
acids, but less energetic ; recent researches, however (Armstrong and 
Caldwell), appear to show that enzymes are really more active than acids 
in promoting hydrolysis, but “ that this apparent activity is due to the 
greater affinity the enzyme has for the sugar, and that in reality the acid 
has tho greater hydrolytic activity ” {Ann Rep Progress Chemistry, Chem. 
Soc , 1904) 

The term Fnzymos, indeed, as now employed, not only includes the 
liydrolysts which bring about simxfier molecular arrangement, such as the 
transformation of starch into sugar, but agencies which bring about anoppo- 
site or synlhHic result, iiolpmg to form complex bodies out of the simpler 
ones, which alone are capable of passing in solution through cell walls , 
and there is ground for supposing that these enzymes of opposite tendencies 
often exist side by side, the one controlling and acting as a brake upon 
tho other, as exemplified by the starch-solvent amylase and the co-exist- 
ing amylocoagulaso, which precipitates dissolved starch out of solution. 

Of the manifold additions to the growing list of enzymes that of 
Buchner’s Zymase, the supposed enzyme separable from the juice of yeast 
cells which have been killed, at least so far as any possibility of ceU- 
roproduction goes, and which has the power of breaking up sugar into 
alcohol and CO 2 much as perfect yeast cells have, is the most important. 
Its claims to modify vitalistio conceptions of fermentation (Pasteur’s 
contention that alcohoho fermentation depends entirely on the presence of 
Iwin^ yeast cells) will be touched on later ; meantime, m spite of the 
contention that its fermentative power is not enzymic, but is due to 
particles of living protoplasm (bioblasts) not destroyed by a treatment 
which kills, as cells, the cells containing it, the balance of evidence is in 
favour of its being an enzyme. Thus it can be dried, and, after being kept 
for a short time, still excite fermentation ' it is diffusible, soluble in water, 
passes throu^ filters, and is active in the presence of chloroform. On the 
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other Iiautl, dilution, to any usually favourahlts to enzymes, has 

boon found to iiUuhit its aiition 

Important, in an explanatory H(‘ns<‘, as aeiOIular formont^ition is, in 
practice wo identify fermmitation with mierosiiopie forms of or{»anise<l 
formonts, always found in fluids iindernoiii}? ithange. That tliesi* forms 
arc the causes, and not the idTeets of tluwe elmnjJtes, has he<‘n proved 
beyond a doubt, and equally that their fiinetions are spi'oifie -viz., that 
one, a rounded organism (yeast), prodiiei's aU-ohol, earhonie aei<l, (‘te , at 
the oxjienso of tlie sugar , that otluTs, eitiu'r short, and round<*d, or 
elongated rods, producer aeiil, laetii^ or butyric , ami t.hat a third form of 
bacterium, constrieteil in the middle, is associated with put reaction 
Certain organisms take up the work wlu'rc otlua-s leavi* it, ami act upon 
their residues, bringing the originally eompl(‘.\ bodi(‘s iwarcr ami lU'ari'r to 
an elemental condition. Let us now ileiim^ f<‘rmentatiou in this senst*. 

Fermentation (from Jcnnvulum, a ferimmt, short lor fo ri-niculiou, 
from ferocre, to boil), so called from the internal niovc*meut modiTately 
resembling that of ebullition which wine-must and beer-wort iimh’rgo, is 
the name apjilied to all those j»rocess<‘s wii<*rem c<‘rt,i,in micro-organisms, 
as a result of their nutrition ami multiplication, cflcct tlu‘ di'gradation of 
complex matter into simpler forms Ami though wi* are accustoni(‘d to 
look upon wine or beer as the ultimate aim of fmanentation, it w ill not be 
overlookeil that thos<‘ prodm-ts really only icjircscut a stagi* ot airi'sted 
degradation. Whether they cntt*r into (‘onsiimption at that stage* or not, 
tlioir inevitable lot is to be con\<‘rlcd into tlu* simph'st d(‘rivativcs, oi 
which water and carbonic acid form th<* major part 

Thatthe.se fermentat ions from the highest, t.o the* lowe'st m the sc.ih* 
were*, the work of distinct micnMtrganisms, Paste'iir's (‘\p(‘i iim^nts some 
score of years ago conchisivciv provesl, but. the* opinion which la* t<*lt 
justliusl in publishing, that, umlcr no <‘ircumslau<*(‘s, could such or such a 
fermentation take* place without tin* introihiction, (h'sigmsl or a(‘ci<t(*ntal, 
of some member or members of the spi*cilii* h*rim*ut, ehd not mc(*t. w ith such 
ready accejitance 

Against this opinion “ otnnc ru'ion <'r nro," or Genn Theory, as it w.is 
called, certain learned juimlitw rose up ami |)ropoumh*d tin* “ Spontaneous 
Generation” Theory, to tin* effect that tin* introduction of an actual 
prodoccasor was not ne(!e.s.sary to secure a crop of micro-oigamsms, s(*(*iiig 
that decomposing organic, matter developed within ilsi*lf (spoiitam*ousl'y, 
so to apeak) yeast, bacteria, bacilli, etc , twcording to circumstanc<*s 

They were fortified by tlie fact that on s(*vcral occasions flasks of 
fermentable matter sterilised (i c , boded fora c(*rtaintimc) ami liertm*tic- 
ally sealed in acconlance with PasU*ur’s sugg(*stioiis had undoubtiMlly 
undergone fermentation, wherea.s Pasteur hail sai<l th«*y would not , and 
it was not until Professor Tyndall took the matl.i*r up that tin* spontaneous 
generation theory practically collapsed. Himself obs(*rving that certain 
liquids, apparently sterilised and closed with due precautions, showed fer- 
mentative changes, and especially in proximity to a store for hay (infusions 
of which soon teem with bacteria, or rather bacilli), h(^ made the brilliant 
deduction * that “ indurated germs,” as he then called them,” spores,” 

* This deduction was later on confirmed inductively by niicroBcoim* observation, the 
npomlation of baotena, and the teiuu'ious vitality of ilieir sporcH, being now ascertained 
facts. 
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as they are n.ow styled, must exist capable of withst an di ng much more 
adverse conditions than the fully developed organisms to which they 
belonged, and which Pasteur had studied and classified. 

And he found experimentally that intermittent boiling, i.e , short 
periods of boiling \^'ith an interval, say, of one day between, was quite 
destructive of spores, as well as of the fully developed organisms, whereas 
a continuous boil of even greater extent had only destroyed the latter. 
Accordingly, it is now found to be a simple matter to sterilise infusions so 
that no fermentative changes shall take place within any measurable 
time, nor is it necessary to seal the flasks hermetically. If only they are 
closely plugged with previously sterihsed cotton wool (which filters the air 
and arrests the spores), and subsequently sterilised in the manner de- 
scribed, the absence of any fermentative change, in the vast majority of 
cases, almost conclusively disproves spontaneous generation, the very few 
exceptions being referable to imperfect sterilisation and manipulation 

All ferments — ^limitmg tlie term to those orgamc forms which can be 
handled or, at all events, seen in the mass with the unassisted eye or 
individually with the microscope (yeasts, moulds, or bacteria) — belong 
botamcally to the group of FwgL 

That they are to be assigned to the vegetable rather than placed low 
down in the ammal realm is made clear by the fact that they are able to 
draw all the nutriment required for their grov'tli from a suitable mixture 
of mineral matters This is typical of vegetable life The most lowly 
organised animal must have its food prepared for it in some way or other, 
must have the mineral or elementary constituents, into which that food 
could be resolved by analysis, got ready for it by some previous agency, 
and this is necessarily the agency of some vegetable organism or organisms. 

On the other hand, all plants — except those which deliberately elect 
to live a parasitic existence on the juices ot other plants (amongst which 
parasites the doddeis may be instanced) — can and do draw all their 
nutninent from the mineral constituents ot the soil, or extract the carbon 
which they require to build up starch or its kindred carbohydrates from 
the carbonic acid gas which the air contains Plant-life, in shoit, using 
the term in its \\ idest sense, is the agency \\ hieli bridges the great gull fixed 
botMeen the inoiganic and organic realms 

It must be added that the fungi, and notably the bacteria and moulds, 
co-operato in this destructively rather than constructively , although they 
may bo capable of building up organic structures (their oim) out of 
mineral matter, their most important function is the breaking down of 
complex organic sulistances into simpler and simpler forms, in which they 
arc again available for plant nutrition In fact, it is not too much to say 
that it IS these minutest organisms, formidable only in their numbers — ^a 
bacterium reproducing itself once in an hour is theoretically capable, and 
given suitable conditions may be really capable of developing into over 
16,000,000 individuals at. the end of twenty-four hours — ^which alone 
render the earth habitable Were it not for them, dead plants and 
fl.TiiTnBlR would lie where they tell, and in no long time the surface soil 
would be cumbered with dibri$. 

Again, were it not for the fact, of the utmost importance to brewers, 
that each separate kind of organism, such as we are speaking of, secretes, 
while performing its special functions, matter which acts as a specific 
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poison to itself, there would bo pnictiotUly uo limit to thulr roproduotion, 
and all croation would beoomo their j>n<y. 

To come to particulars — yeast is capable of (‘-ouvoriinj; mto alcohol 
carbonic acid, etc., sugar which is in a sunhuout dogroo of solution, but as 
sugax contains no nitrogen which (as well as phosphoric arud and iiotash) 
is essential for the grtiwth of the fiiruumt, there would come a time when 
yeast sown in such a solution of pure sugar would (fcaso to act as a ferment 
— ^long before all the sugar became o(mv(‘ri(‘d --simply beisauso the 
necessary food for its dcvelopuumt ivas absiuit But add to tho sugar and 
water ammonio tartrate, potassium phosphah*, calci<! phosphaU', and 
magnosic sulphate in tho following propoi-tious (Pasteur’s Solution) — 


Potass io phospliato 

20 

Calcic phosphatii 

2 

Magnosic suljihate 

2 

Ammonio tartrati^ 

100 

Cano-sugar 

. 1,.W0 

Water .... 

. s,:i70 


10,000 


the growth and development of the y<‘ast goes on ‘pttn pn'inn with the 
splitting up of tho sugar into tho usual proiliicts of lermi'niatioii, just as 
readily and thoroughly as it wouUl in tlie most p<‘if<‘(‘tly pr<‘par('(i malt- 
wort. Nor is tho prosonco of the organic sugar m the solution even 
necessary to tho growth of the yt'ast, apait Irom the (‘xercisi^ of its 
fermentative functions. ’’J’hat is to say, this yeast can split up the salts, 
getting its needed phosphoric imid from the piiosphat(‘s, its nitrog(*n irom 
tho ammonic tartrate, the hardly less lu'cisssary pohish from tlu^ pot.issic 
phosphate, and so on. 

Aspergillus N^er— Baulin’s Solution. -A still more mmuti^ studv has 
been made of the roquiromciits of a c<‘rtain mould, known as Aspergillus 
Niger, by M. Raulin, a diseipki of M Pasteur 

Although this mould grows reswbly emmgh on bread moistciw'd with 
vinegar, on slices of lemon or other luad fruits, M Itauliii lias touud that 
the medium which in tho shortest space of time produces the la rgi'st weight 
of the plant (in wliich, in fact, it chokes all rival growth) is composed as 
follows : — 


OiammoB 


Water. 

. I,fi00 

Sugar Candy 

. 70 

Tartano Acid 

4 

Nitrate of Ammonia 

4 

Phosphato of Ammonia 

0-6 

Carbonate of Potassium 

(>•6 

Carbonate of Magnesia . 

0-4 

Sulphate of Ammonia 

0-25 

„ „ 2ano . 

0-07 

„ „ Iron . 

0-07 

Silicate of Potassium . 

0*07 


I Th(^ culturo to take i)lace 
m shallow porot^lain basins, 
opon to tlio air, tlio liquid 

I ' being an inch or Ioha m 
depth Tho temperature 

required is about 96*^ Fahr. 


Complex as this solution may appear, it lias boon found that oven 
trifling deviations produce most marked diminution of tho cro]>. llius, 
the phosphate being omitted, instead of each gramme produced with the 



FERMENTS IN GENERAL 


271 


full solution, only ■ 006 gramme is found, and tli© omission of the ammonium 
nitrate causes almost as great a fall-o£f ; the withdrawal of the potassium 
salts brings each gramme down to *04 gramme, and, what is perhaps the 
most remarkable of all, the mere traces of zinc and iron contained in their 
compounds also have a most potent influence. 

Again, in the case of yeast, every cell rmder the microscope is observed 
to be bounded by a confdnnoiis cell-wall or membraiiea without any oriflce 
either for the absorption of food or the excretion of waste products, and 
this involves the necessity of its food supply bemg in such a state of 
thorough solution as to be capable of passing into the cell by Osmosis or 
Diffusion. 

This is a distinctly vegetable characteristic, considering which, in 
conjunction with their power of assimilating mineral food and the total 
absence — except perhaps in sundry bacteria — of chlorophyll, and the 
consequent inability of yeast and its kindred organisms to utilise the 
atmospheric carbon as nutrim^t, we can see why botanists have placed 
these organisms firstly among the great division of the Oiyptogamia, then 
amongst one of its subdivisions the Thallophytes (see Glossary), and finally 
amongst a subdivision of the latter — ^viz., the FungL To the most 
commonly known species of the latter a considerable resemblance is shown 
indeed by yeasts in the rapid multiplication of their cells , and the fact 
that the cells of yeast rapidly separate, as a rule, while those of a mush- 
room adhere together is only a distinction and not an essential difference. 
Indeed, in one species of yeast, the caseous yeast of Pasteur, a certain 
amount of coherence may be observed, and the mushroom, as we know it, 
is a complex form of what will be mentioned later a Sporophore. 

It does not appear of vital consequence to consider whether these fungi 
are plants which have degenerated from plants of higher organisation, that 
is to say, plants in which, consequent upon some lapse of the ability to 
secrete chlorophyll, there has been that degeneration of structure which is 
observed to take place on disuse of functions in other organisms, or 
whether they are plants whose race has never known aught but develop- 
ment of cell on to cell by some sort of gemmation or budding process 

The fact, however, that the same cell is capable of two methods of 
reproduction, fairly analogous to those, for instance, of a potato, viz , by 
shoot (bud) and by seeds (spores), points to a merging of root and stem 
into a single cell — i e , a degeneration. These may be interesting problems 
in evolution or its converse, but to consider them in full would take us too 
far afield. 

All the fungi with which we have to do, whether they be yeasts, moulds, 
or bacteria, may be referred, as regards their first appearance, to separate 

hyphse. 

A hypha is a tube-shaped membrane of cellulose, charged with the 
mysterious nitrogenised-carbon substance known as Protoplasm.* The 

* Protoplasm is so called because it is the primary substance found generally m all 
organic structures, though itself appearmg to be a clear and structureless jelly-hke sub- 
stance, except under the highest microscopic powers, under which it assumes the aspect 
of a very fine network of dehoate fibres, whose interspaces are filled with mmute particles 
n.T'^^ flmd, yet even then no trustworthy evidence of structure is obtamed. As Professor 
Huxley says, “ Protoplasm, simple or nucleated, is the formal basis of all life. It is the 
clay of the potter.” 

jSome scientists regard it as a form of proteid water. A late writer says, not con- 



272 


BREWINa AND MALTING 


protoplasmic coutoats arc Homotinuw waitiry ia appoaranco, sometimes 
finely granular. When certain moultls, where hyphal growth has its most 
oxtonclocl dovelo])mont, are observed under the microscope (though so 
exceedingly delicate are they that to got a fairly perfect specimen is no 
easy matter), the hypha is soon to be a tidie of relatively considerable 
length, whicli at intervals liranches out j ust below thin transverse divisions 
of cellular matter (transverse septa), which form at right angles to the 
direction of the tube’s growth. These bninches branch out again mtheir 
turn, so that bofoi’c long a m uch- branch (‘d tret‘-like organism (though of 
course of microscopic dimensions) appeam — xispectially with the mould 
styled M'ucor Mw.(do — whitih is known as a Mycelium. 

Very rapid growth is rendered possible by the action of the protojilasm, 
which plasters on to the inner surfiuie of the enclosing membrane fresh 
layers of cellular matter, wbertiby the membraiMs continuously expanded 
as it is, IS kept from becoming too attenuated Although layers of cellular 
matter are spoken of it will not be forgotten that w(^ ar(‘ referring to an 
organism so minute that a single mycelium under a less magnilication than 
300 diameters W'oiikl scarcely be (liscernible , it is only indeed the enor- 
mous aggregate of the mycelia which renders the mild<‘ws, with whicli we 
are familiar, visible to the unassisted lye 

Harking back again to hypha‘. we shall see that in the case of other 
fungi — for instance, yeasts and bacteria —the initial stage of growth is 
similar to that of moulds, though this growth stops short of the develop- 
ment of mycelia. 

In the case of yeast, for examine, which in an ordnuiry nutritive 
medium like wort develojis by btuldiug, that is to say, by small eells 
growing out of the pareut-eells, and which, having kwIuhI a sufTieu'iit 
stage ot growth, separate, an<l soon proee<‘d to put forth eell-lmds of tlieir 
own, or may even do so before tin* si^paration (X’curs— t lu' <*{‘11 is, in (dleet, 
a hypha,* the new cell is the hyphal branch, which instead of forimiig part 
of a mycelium, growing on to the original hypha, sepnratiss as soon as it is 
sufficiently developed, the septation, if such it can l)<‘ calhxl in tlu* case of 
yeast, showing tlu‘ greatest variation from tiu* original typi', seeing tliat 
instead of occurring abov«‘ tiu* liraneiuug-point and prc'ceding such 
branching or budding as with mihlews, m tii(‘ cas(‘ of yeast it occurs at the 
point whore the bud is formed and subseijiKuitly tbei'oto 

In the miltlewH the formation of a tnuisvcrsi^ septum appears to bo the 
cause of branching, im})elling, as it does, the ever-growing protoplasm to 
seek a now outlet , in the yeasts it is —if a true si'ptation at all — ^a conse- 
quence of it 

Nor need tins variation be any obstacle to considering those two 
methods of growth as simple dovolopmonts of omi original scheme. What 
is known as “ correlation of growtii ” is an accepted principle in rospeoi of 

tradiotorily, “Now protoplasm ih ono ol tliwio oar bon compuuiidH, and perhaps tho most 
complex of them all lu fa<‘t, it sooum to have reached the utmost limit possible m this 
respoot, and tho chemical equilibrium is so unstable that it is ready to break down at 
the least touch. Wc can regard proiophtsm as oouupymgtho summit of chemical changes : 
the elements of food are by their mutual a0initioH gradually built up into more and more 
complex siruotures, until they roach tho form of protojilasm, when they can go no further, 
but begin to break up under certain conditions into loss and less complex forms, until they 
roach tho final stage of 00 1 , H gO, etc., which all organic matter comes to." 

* This is most obvious to anyone lookmg at the illustrations of film formation of S, 
Cerevieus, given by Hansen, as to which see Chapter XI. 
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organic nature ; one which means that all the parts of an organism are so 
intimately connected and bound together that when one part is made to 
change, some other parts are not unlikely to imdergo modification as a 
consequence of the first change * The artificial conditions, then, under 
which the yeast-fungus has been cultivated for centuries has most 
probably brought about enou^ variation from the original type to account 
for the divergences of the two methods of growth. 

The bacteria, schizomycetes, or “ splitting fungi,” also increase in a 
similar way “ with a difEerence.” This difierence is that, instead of 
budding as yeast does, they multiply by repeated transverse subdivision, 
following the formation of a fine diagonal membrane at the place of fission. 
As soon as this membrane has thickened sufficiently, separation of the one 
organism into two occurs. 

Abortive Iklycelia. — ^And the view that these methods of reproduction, 
both m yeasts and bacteria, may be looked upon as an abortive tendency 
to form mycelia, is strengthened by a converse tendency which has been 
observed in oiganisms, which normally develop a mycelial growth For 
instance, in the case of Mucor Miicedo, a mould of common occurrence, 
forming a white mass on bread, fruit, etc , and m that of M acor Racemosus, 
it has been observed that the ^amentary tubes of the myceha sometimes 
get divided by relatively close transverse partitions, and that these 
divisions then bud, the buds and the divisions themselves thereupon 
becoming so rounded that there is actually a difficulty in distmguishing 
them from yeast cells. 

We do not mean to say that these mucors take entirely to the formation 
of what I have styled “ abortive myceha ” — ^inde^d, the phenomenon 
appears to be due to unfavourable conditions, principally a limitation of 
the needful amount of air, which being corrected, the bud again develops 
mycelial threads, or erect hyphse, which eventually terminate in the usual 
spore-bearing heads 

The fact, however, that budding is occasionally substituted for 
branching, even to such a limited extent, is a connecting link between the 
two vegetative modes, as they may be called to distinguish them from the 
mode of propagation by special reproductive arrangements 

The Two Distinct Modes of Reproduction. — ^As has been hinted above, 
the fungi, with which we have been deahng, have two distinct modes of 
reproduction, both analogous to those double methods met with in some 
more highly organised plants Just as the potato can be propagated 
either from tubers or from seed, or strawberries either from runners or 
seed, and other plants from bulbs, which grow on to the original bulb, or 
from cuttings, and as a rule likewise from seed, so these lower orgaiusms 
have their double method of reproduction, the one distinctly vegetative, 
the other by special reproductive arrangements 

The vegetative mode occurs by the formation of cell on to cell, which 
either separate rapidly, as in the case of yeast, or remain oormeoted, albeit 
parted by septation, as in the case of moulds, and is one in which the 

* This question of coi relation of growth may have a closer mterest for us than that 
stated m the text, which mdeed is somewhat academic. When yeast strives, as it will 
and as other organisms do, to get mto correspondence with its environment, which may 
vary much within the limits ofEered by actual malt-wort and other fermentation conditions, 
it is conceivable that other physical changes may occur not obviously connected with that 
attempt at self-adaptation. 
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analogy ovon. gota olosor to tho vital concUtions of liighor orgauiama (« g., 
the potato) in that, nutritive ootuiitions being auapondocl — aa, for instance, 
when tho yeast is skimniwl from tho wort, or the potato removed from tho 
soil — ^tho coll (yeast) or agglomeration of cells (potato) passes into a 
quiescent condition, whorom tho pok‘iitial vibility of tho single cell, with 
its coll- wall thickened, by protopLism, does not yield ixi permanence to that 
of tho tuber.* 

Tho second mode, viz , that by apeeial TOprodue.tivo apjiaratua (organs 
one cannot well say without limituig tho ground too much, though the 
process is analogotia in one of ita aaiK'cta to the n‘pro<luetiv(v one of higher 
organisms, and in the other has ita eount<u*part in tho parlhonogenie bn*tlis 
known to occur with certain lowly animal forms), manih^ata itself by tho 
formation of spoies, which aix) generally asexual* i c , produced without tho 
co-operation of any external proto])laam, but \\hi<‘h may also bo, as in tho 
case of some of tlie moulds, of apparently sexual origin, wlu're two mycelial 
threads join together, tho conjunction I’oaulting in the formation of a 
so-called zj^ospore. 

Tho asexual spores of moulds are known as gonidia or c-onidia, aiul are 
homo upon short branching iingor-likii jomls known as sterigznata, tho 
brandling being aomotimoa aimjilo, aom<‘tiim‘H eomjih'v, but (wlu'n a 
miorosco])io apocimcn can bo H(<cure<l, -whieh, howeviT, is dillimilt) torming 
a tassol-liko head — tho sporophore— to tlio hyphal ends of tlu* mycelium. 

Tho Bj)oro3 of yeast, which are endogenous and asexual, arii called 
ascospoies* but these will be more fully refiTrt'd to in ('hajik'r XI. 

But whothor tho spores be sexual or asi'xual, tluy are obviously a 
resource for the maintcnanet» of the species und(>r t>\treuK‘ly adverse 
conditions, being, as they are, much more resistant to hostile' induonees 
(heat, drought, etc.) than the vegetative cell <‘ver is, and yi*!. when favour- 
able conditions recur, readily origiiuitiug a lu'w growth th<‘ aseosporc' 
budding, and tho gonidium or zygosjion* simdiug out a hypha in the usual 
way. 

Polymorphism and Pleomorphy. — Beforii touching on the classification 
of tho fungi, incidental to our industry, let us undi'rstaixl th<» meaning of 
those two terms, wliKdi, though aonu'tiuu's eonfusi'd, may w(‘ll he k<‘pt 
distinct. In tho classification whudi follow's, and looking at Division I , 
tho schizomycotos, i e , the bacteria, m th<‘ widi's! and popular st'use of the 
term, wo shall find that very conaiderahle variationa of aha|>(‘ are men- 
tioned {e.g , mioroooccus, bacterium, biudllus, hqitothriv, spirillum, etc ), 
and though those diflorcneoa of ahapo ofh'ii indicate organisms, which are 
far from being identical in function, and w'hu'h may tlieri'fori' he looktKl 
upon as individually distinct, yet it has bei^i shfiwii (by Zopf) that tho 
same organism can, under certain ciroumstancos, assume oitlier of tlioso 
forms. This variation, known as polymorphism* or alternation of 
generation* naturally detracts somewhat from tho value of any classifica- 
tion on morphological lines, which, however, is the only basis open to us 
at present. 

* Some readers may remomber that some old bottled beer, brewed in iho eighteenth 
century, was found at Messrs. Worthington’s Brewery, of which it was staled that tho 
yoast cells in its deposit still showed signs of vitality. And it is not an unknown jiraotico 
m country places, where a store of yoast is not easily got, to dip a quantity of twigs into 
yoast, which being oarofuUy dnod, arc competent to start a fresh fermentation many 
months after. 
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PolTnunphism should, however, be distinguished from what de Bary 
calls the Pleomorphic craze, in whiolx view, according to A. G. Salamon, an 
organism mi^t b^in as a yeast, then, if it chanced to be swallowed by a 
fly, would develop into a totally different organism, pathogenic to the fly. 
And again, if the fly chanced to fall into water, that the organism, totally 
changed once more, woiild become a mucor, which on being wafted into a 
fermentable fluid, would become a yeast again, and so on in a continuous 
circle. 

The fungi, with which the brewer is mostly concerned, may be 
marshalled in three divisions — 

1. The Schizomycetes (fission-fungi, or bacteria). 

2. The Hyphomycetas (or moulds). 

3. The Sacchaiomycetes (sprouting-fungi or yeasts). 

The Schizomycetes multiply in two ways — ^viz., (1) By subdivision, 
which sometimes occurs in three dimensions of space, the parts which 
separate developing each into a fresh schizomycete ; or (2) By spores 
formed endogenously. 

[The schizomycetes are the smallest ftmgi known. Some are Chromo- 
genic, cdUmr pro&uciTig, others Pathogenic, disease ‘j^oducing, and others 
Zymogenic, producing fermerdation. Many of these organisms are motile 
forms, i.e., showing a spontaneous movement, actuated, as very high 
microscopic powers show, by one or more hair-lihe appendages at either 
end known as a rilinm or fU^ellum. Their interior is charged with a 
pasty mass of protoplasm differing in no way, as far as the present means 
at command enable us to judge, from that of yeast. 

That this active, but apparently identical, protoplasm should in one 
case produce lactic acid, m another but 3 rnc, in others putrefactive fer- 
ments, and yet again, alcohol and carbomc acid, is a mystery as yet 
unfathomable. 

Bacteria perish in pure water from lack of nutriment, which fact 
differentiates them from algos, with which they are often confounded. 
Though frequently isolated, they sometimes exude a gelatinous matter 
which causes a number of them to adhere together in a mass. Such a 
colony 18 called a Zoogloea, or resting-stage. 

The importance of the rdle they fill in breaking up complex matter into 
simpler forms has been dwelt on before. Many forms appear to have a 
peptonisix^ influence ; indeed, the liquefaction produced by bacterial 
colonies on gelatine-stiffened wort is a peptonisation ] 

Various forms found amongst the schizomycetes are — 

(i) Coccus forms. Micro- and macro-coccus, simple or compound. 

[Spherical bodies, some of which, the micrococci, are extremely minute, 

even for microscopic objects, as small as 0 a (r, though Micrococcus 
crepusculus, the one associated with all sorts of putrefaction, is 2 p, 
The maorococci are, of course, the larger spherical forms. Among 
compound cocci is Tetracoccus (four cells joined together, but in pairs), 
supposed to be a Sardna, but hardly showing the characteristic package- 
like shape of other Sarcinse. A long cham of micrococci is called a 
Streptococcus.] 

(ii) Bacteria (in limited sense). 

[Short rods. Amongst them are Bacterium termo, the ferment of 
decay ; B. lactis, a ferment which forms lactic acid in milk and beer ; 
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B. acetii, wliicli oxidiwoH alcohol laio aci<l. 'Fho latter collootivcly, 

i.fl , when formiixg a wriuklotl lilin, m kiiowii. aw Sfl^codenaa aoeti, ami the 
imlivuhuil orgauisniH assume various forms, apimarni^ both as bacttoria 
and bacilli, in irroj^ularly swollen forms ami lu curved forms Bacteiium 
zylinum, myritwls of which orf^anism constitute the mdatmous imsubranc 
known as th<i vinej^ar plant, its imtion belli}? similar to that of li. aceli, 
plm the production of an appreciable cpiantity of cellulose ] 

(iii) Bacilli 

1 Longer rods, which grow till twice their original length, then split into 
two transversely, although even thcMi tlu' s(‘paratiou is not always apparent 
■without staining , * the latt<‘r, liowmer, mak(‘s the artiiuilations visible 

Among the bacilli which aiT<*ct th(‘ br(‘wi*r injuriously an‘ B. subtilis, 
or biKiilhis of liay-infiision, causing a butyric fermentation, and said to be 
the agent concerned in the rijKMiing of clus'sc* Length (> (Ji 

B. amylo-bactei, an anaerobic ferment <‘ausnig butyric liM'iiicntat.ion 
too, IS morphologically v<*ry like li nuhlilis, but may som(d.nn(‘s be dis- 
tinguished from it, w’Ih'II it contains starch in its cidl, by st.iimng w'lth 
iodine. Its size, too, is greater, length 10 g wiilth 2 g The two bacilli 
are also said to sporulati' dilfiTcntly, li /mhlili't iormnig its spore at the 
end of the rod, w'liiU* li ami/lofjar/rr lorms it at thi' ci^utn* 

B. ulna. — Also mor|)liologically v(‘ry like li siihlilis (inih'ss it. bi* that 
the colls are broiuler), found in putrefying w'lntt' of egg lulusion, ,uid is 
therefore an indicator of unvlfttiifuiCHu, though ap|>.ir<‘utly itself imhiirffiil 
in boor A inagnificationof ;},0()0 diametei-s by Dr Dalhngcr showcsl it to 
have a flagellum at each end The plasma within appeals diuisi^ and tine 
grained. 

B. panificans. Supposed by Laurent' to act as thi' “ I(*a\cu '' of lyc- 
bread, just as ordinary yiMst (or, accoiding to Mngid, Surrh nniioi) doi's 
for wh eaten bmul J 

(iv) Closfxidiam forms. 

|A bacillus enlarged in the muldli' or iiisir it and drawn out luw.irds 
the ends 

Bac.dlm Atuf/Iolxtcfrr is sometmi<‘.s eallisl Clostridium butyricum.| 

(v) Leptothrix forms. 

[Unbranc.hed thii*ad-hke forms which aie freqiu'iitly parasil.ie \'(*rv 
similar to thiMii (though the freely oseill.iiuig thrisids (‘luelopisl iii a 
gelatinous envelop<< are somewhat thicker) thi' Beggiatose, w liicli eerlamly 
sot free sulphuretts'd hydrogen in sulphur-eoiitauuug water, and ha\e 
solid granules of sulphur witliui their strueture 

Another noteworthy example is D'ptot.hrix, or more generally 
Crenotbris kuhniana, a tough, slimy fungus wliieh jiartialiy clogs water- 
pipes (noticoal)Ic in attemperator outlets), and whicli, imdi'r the micro- 
scope, appears to consist of uiihranclied hyiihai tuhi's, straiglitish or 
curved, visibly articulated at the base, but primed towarils the apex with 
spores ready to escape. The sjiores si'em to tiake the corx-.m shape, piwisiiig 
into diphcocci, before developing into a frosli tube-like process, or some- 

* StaiiungiHdoiK'in vanoiiH wayH(m('lhi)dMt>f Koch, Klirlich, I'uflcaux, «‘t.c.). K<k*1i, 
for instance, treats lluid from d wenHod tisHiii's (tuhen'uloKis) with strong t miiturc of mi'thy- 
lono blue and potash, afterw-ards adding vt'suvin, which discharges Ihi' blue from every- 
thing except the special bacilli (even other micrococci), which remain liluo on a lirown 
field. It has been objoctod that such violent treatment aliei-s the jiroportions (length and 
breadth) of bacteria. 
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times they cluster together, formiug a Zoogksa ; and someiimes the 
spores develop new threads before leaving their original hyphal home, the 
threads making their way through the gelatinous sheath of the latter.] 

(vi) dado&riz fonns. 

[Quasi-branched forms, very similar to Leptothrix. High magnifymg 
power shows the apparently ramified structure to be what is known as 
“ false branching ”| 

(vii) Spirillum (Vibrio, Spirochseta, Spimlina) forms. 

[Curved spiral. Probably an alternative form of otherwise-shaped 
schizomycetes There is especially groxmd for supposing that spirillum 
amyliferum is only a phase of baciUtis amylobacter, it bemg foimd in the 
latter’s company, and apparently storing up starch (its contents, except 
where a spore afterwards develops, are coloured blue by iodine, but only 
when growth has ceased) within its cell- wall 

Further than this spirilla do not appear to be of particular interest to 
us, the habitat of this form of sohizomycete being generally brackish or 
putrefying water 

(viii) Involution forms. 

[Irregular shapes difficult to classify JBactertum aceti assumes one 
such form, thus differentiatmg itself from B. xyhmim, the organism of 
vinegar plant, which does not.] 

Hyphomycetes, or Moulds. 

These form a growHih with which aU are familiar , but the patches of 
them, visible to the naked eye, consist of innumerable mycelial tubes, of 
microscopic dimensions, intertwined in every possible vay, the mass being 
sprinkled, as it were, with spore-bearing heads formed at the terminals 
of the branches 

Although, nhen compared with bacteria, they may be looked upon as 
only being in the second line of attack, they are yet of great import, not 
alone on account of the ill eflects v Inch they undoubtedly bring about, 
but also because a definite growth of mildew is geneially a cover for a 
horde of bacteria 

The greatest field for mischief uhich they have in comiection witii 
brewing is that afforded by the malting floor, uhere, given a number ot 
broken, “ tipped,” or cracked corns, mould is certain to appear, infecting 
a proportion even ot the sound gram 

Here the degradation of nitrogen-compounds by these powerful 
oxidising and putrefactive agents, not to speak of that of the carbo- 
hydrates affecting profit, is greatly conducive to unsoundness of product 
An indirect, but no less certain, evil is that the enormous number of spores 
and mycelia, however thoroughly they may be themselves destroyed 
during brewing process, nevertheless afford a suitable nutriment to 
pimilnr organisms finding their way into the fluid after sterilisation- 
influence has ceased 

A few of the more important moulds, classified as Saprophytes or 
Parasites, are • — 

(a) Saprophytic Moulds. 

(i) Fenicillium Glancum. — ^The commonest mould of all, forming 
masses, whitish at first but afterwards greenish-grey, upon the green malt, 
or in empty casks and neglected brewing vessels, and consisting of 
Jjjjyjmerable mycelia tangled together. The hyphal branches of the 
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Miycolia icrmiaalt» in a number of short irregularly branched tubes which 
end in tiio so-oallod stengmata, elongations of the tube which boar the 
conidia, the whole spreading out in a somowliat fan-like way. The 
oonidia, however, do not hang on altonuito sides of each sterigma, but are 
formed by a globular swollmg-out of the stongma at short intervals, so that 
the actual tube appoiirs to pass through the coutro of oaeli conidium. One 
conldium forms at the tij) of each sterigma, and this is actually the first 
to appear, the one nearest to it being ue.Kt ohlest, and so on- 

This mould, like AspargMm tiiger, grows well in Haulm’s liquid, but 
bettor with addition of a litUo gypsum. It, witli Anpergillua and with 
Oidium laclis, is classified os Ascomycotos 

(ii) Aspei^tis Glancus (Euiotium Aspergillus Glaucns) is xiorhaps the 
next most frequent mould ; it grows freely on gret'ii malt,”* where it feeds 
on tlio latter’s sacoharino constituents, and forms a folt-hke greyish mass 
(white, however, when young), the greyness of which is duo to conidia 
separated and settling down as a dust of that colour. 

Its oonidia are borne on numerous stongmata, shorter and spreading 
out more radially than those of P. glaucmn, and forming on a hyphal tube 
in which elongation has extended further than usual without .septation. 

Also, it develops a somewhat circular-sha()ed ball fruit, the sporocaip, 
supposed to bo sexual (see Glossary), and interesting because of its 
aseosporo formation, not unlike that of yeast. 

(iii) Aspergillus Niger. — ^The mould referred to on p. 270 as the one 
studied by Haulin. As the name iinxihes, the colour of the mildew in mass 
is black. It may somotunos be found on broken, damp rice, even when 
the latter has boon subjoctod to heat, it storihsation-infliKmeo has been 
imperfect, as when it has balled into lumps during careless golatimsation. 

(iv) Mucoi Mucedo. — Found on decaying fruits, bread, meat, also on 
yeast, grains of com and malt, but growing most freely on liorso exorota. 
When the oval spores are placed in nutritive fluid they rapidly swell, their 
honiogonoous protoplasm becomes granular, and crowds up to the cell- 
wall, leaving a large vacuole. Slioots, developing from ono or moro 
points, foim a much-biunchod mycelium (branehitig without septation), 
from the midst of which arises a thick braniik (sporojihoro) with a sort of 
elongated knob-shaped head. With the iciigtli of this knob as a radius, a 
round, yollow-colourod sporangium forms, and within tlio latter a largo 
number of the oval sp'^iros dovoloi> This mould also forms zygos^ioros 
(p. 274). 

Ono of its functions appears to bo tho socrotion of calcic oxalate, but 
the importance of tho muoors to us is that under some coiwUtions they can 
act as alcoholic ferments, tliough to a less extent than yeast. 

(v) Muoor Racemosus. — Found on stale food, fruits, etc., and foeces. 
It Tosemblcs 31. mmeedo, but is altogothor on a smaller scale. Its sporo- 
phores throw out side branches, each terminable by a sporangium, which 
then appear to cluster together, whence the name (mcemos«MJ=olu8toring, 
racemu8—9, bunch of grapes). Its chief interest consists in a habit 
peculiar to itsdbf of forming propagative buds (as well as sporangia and 
zygospores) within the mycelial tube (cell-wall forms and separates them 

* Aocording to Haosen however, though A. gUmeua was tho most often found in trial 
flasks infected by the air of malting floors, it was oomparativoly rare on the floors th«n- 
selves, where PenidUium glaucmn was most frequent. 
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ofiE), which, can bud like yeast-ceUs, although formed on a larger scale than 
the latter. 

(vi) Mncoi stolonifer. — iFound in warm seasons of the year on sourish 
soft fruits, where it forms a woolly white growth with black-stalked heads. 

(vii) Mucor erectus. — ^Habitat on decaying potatoes ; said to be 
capable of forming 8% alcohol in beer wort. 

(vni) Fusaihuu hoideL — Forming the red mildew seen on germinating 
barley of low quality, but apparently does not spread rapidly. Develops 
crescent-shaped spores, very characteristic under microscope. 

(ix) Oidium lactis. — A mould fungus producing lactic acid, and whose 
hyphse form a thick white felt, somewhat resembling that of Mycoderma 
vini, but whiter and thicker. The hyphse, generally in their upper poirtion, 
axe transversely septated at brief intervals, so that short pieces, resembling 
conical cells and with granular contents, &eely separate o£E (a connecting 
link between yeasts and moulds ?) Sometimes found m beers of low 
alcoholic strength, but growing more freely on the surface of yeast or stale 
milk. The terminal ceUs (conidia) are colourless. It is suspected of bemg 
pathogenic (certain forms of skm disease). [Another oidium, O albicans, 
is associated with the infantile disease called “ thrush.” Oidium vini, or 
Tuckeri, is the too-well-known scourge of vineyard proprietors.] 

(x) Monilia Candida. — A mould occurring on npe juicy fruits, etc , 
which at certain stages forms cells, closely resembling those of yeast, 
especially when added to wort, in which it can excite alcohohc fermenta- 
tion. It also appears to have the faculty of fermenting saccharose as 
saccharose — i e , without previous mversion, it being unable to secrete 
mvertase. 

(xi) Dematium FuUulans. — ^A mould developmg yeast-like cells in 
freely septated divisions of hyphse. The cells show budding processes but 
otherwise are not of much importance, seeing that they incite no alcoholic 
fermentation, unless Lmtner’s idea that it is a factor in ropy fermentation 
were established. 

(xii) Aspei^illus or Eurotium oryzse. — See “ Koj’i ” in Glossary. 

(xiii) Botrytis cinerea (see Glossary), also a facultative parasite (e g , 

on nowdrop) 

Parasitic Moulds. 

(xiv) Ustilago Carbo or Segetom. — The “ smut ” on barley, oats, etc., 
where it forms black patches Dark coloured hyphal growth, somewhat 
like 0. lactis in form. 

(xv) Tilletia canes and loevis. — On wheat. 

(xvi) Famago salidna. — On hops. 

(xvii) Sphserotheca castagnei. — On hops. 

Saccharomycetes. — [Fungi which propagate by budding, and also, 
under less favourable conditions, forming spores. They generally act as 
degraders of saccharine bodies into alcohol, etc., or afEect the alcohohc 
product favourably or unfavourably. Amongst them are — 

(i) Cerevisise. — ^The real alcohohc ferment ; now supposed 
incapable of acting except as a primary ferment — i.e., to be unable to 
effect degradation of malto-dextrins, on which cask conditioning depends. 
Average diameter 8 [x. 

Three sub-types at least have been isolated. See p. 301. 

(ii) Fastoiiaiiiis [Reess]. — Cells of elongated form, some very 
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much so. Found in hottU* deposits of (*v(‘n sound ule. SuggosUKl as the 
ferment which breaks up nialio-dexirins, mlucin^ them lirst into lower 
and lower typos, and finally into maltose, in wliudi form tiac-eh. cerevisicB 
can deal with them. 

Three sub-types isolated, oiui of which (iauses a strong, harsh hitter, 
another turbidity Hoe pp. 322, 323. 

(iii) Sacoh. Ellipsoideas (n<*eHsl Otherwise t^uwh. eHi/)ficii/i. The 
yeast of wine. Cells about (5 (x long and (dhptie in shape. A sub-variety, 
Bacc/i. eUvpsoideutt 11 , is supiiosed to <‘.ause turbidity. 

(iv) Caseous Yeast.— A form desKwibed by Fasitiur, resembling ordinary 
high yeast, except in its tendency to aggloimnate in a curdy mass. In 
water, he says, it falls at once to tlie liottom like a curdy prwipitate, and 
the supernatant water is soaixiely dimiiuwl liy flu* few susp<ind(‘d globules. 
He thinks it can survive a heating (in bottle) of 122“ Fahr., whieli suflices 
to kill the pure high yeast h'ft in the aleoholii! flunl Linigth of long axis 
about 10 p. 

(v) Saoch. Coagulatus, otherwise Caseous Yeast No. % (Matthews) 
Apparently an agglomerating variety, dislnud. from (iv ), obs(*rved ami 
named by Mr C. (1. Matthews, ami saiil to ha\e an a<‘tivity harilly 
inferior to that of Nacrh (U'revifiKv, at dO" to 70” Fahr ami gr(‘ater above 
70 Fahr. Further it is said to take uji little or no rwin from the w'orts, 
and consequently to produce a beer w ith a markeil msin bitter Tin* be(*r 
has also a high ratio of acidity, aiul is stubborn in brightening The 
average diameter c>f celts is given as to (> p. 

(vi) Sacch. Conglometatus [Ilei'ssJ - (’tdls unitt‘d in eluslm-s, produced 
by budding from one or more parent e(‘ll.s. In wine-must and deeaying 
grapes. J3iameter 5 to t> p 

(vii) Sacch. Exiguus |11<h^ss] - In aftiT fermentation of beer and said 
to cause turbidity, floating, as it <lo(‘s, on aeeount of its low spi'eifie 
gravity. According to Hansen it cannot h'rim'iit maltosi*, and theridore 
only yields about 1% alcohol in bwr wort, but i*\eit<‘S \ igorous f(*rim>nta- 
tion in solutions containing saccharost^ (which it invis’ts) and d<»xtrose. 
Colls about 1) p X 2’r> p 

(viii) Sacch. Blinor |KngelJ — »Said to be. thi‘ activ<‘ factor in the 
fermentation of hroml Diameter d p ; of anotlu'r kind, according to 
Matthews anil Lott, 3 to 4 p. 

(ix) Sacch. Apiculatus. — A ferment occurring freidy in wine-yeast, on 
succulent fruits and sometimes in spontanoously fiwimsitisl (Belgian) bi'cr. 
The colls are loraon-sliaped as a rule, but decidedly smalh'r than Sanch. 
CerevisKS (4 5 to 7 p long X 2 to 3 p wdd(‘) As it secretes no invi^rting 
enzyme it does not attack disaccharides (saeeharosi* or maltose), but 
vigorously ferments dextrose and levulose. (Ilene(‘ it has bwn used 
analytically to fonnent away iloxtrose from mixed solutions ) Its chief 
interest to us lies in the fact that it became the object mrly employed in 
Hansen’s brilliant inductions, for which its typical shape lulapted it, and 
again, which may scorn contradictory but is not, in the great variety of 
forms it can assume (oval, sausago-shaxiecl, bocterium-like ?) in addition 
to its typical one. 

(x) Sacch. Mycodetma or Mycodenna vini (or M. OerfivUtm ), — ^Tho 
organism whose cells densely crowded togotlior form the greyish, wrinkled, 
greasy-looking film on exposed boor or wort. The colls are sometimes like 
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those of ^acc%. Paatoriawus (elongated with on,e or two large vacuoles), but 
more translucent, and by close observation minute granular bodies may 
usually be seen moving about, apparently in the fluid contents of the 
vacuole. It has been classed among the Saccharomycetes, because, 
according to Pasteur, although naturally aerobian, it is capable, when 
submerged, of acting as a somewhat feeble alcohohc ferment. According 
to Hansen, however, this is not so. This is the organism which may some- 
times be seen in bottled ales of light gravity, forming a filmy growth just 
at and above the level of the liquid. [Those troubled in this w'ay should 
note Pasteur’s advice, p 360] Almost all brewery yeast contams some, 
and experiments by H. van Laer tend to prove that it acts as a drag or 
retarder upon yeast These will be referred to in the paragraph under 
heading of Saaz, Frohbeig, and Logos yeasts 

Sacch. Fastoiianus azboiescens. — ^This species, often found in pitching 
yeast, and easily mistaken for Mycodernui cerevmoe, though its films are 
paler and more dehcate and do not form thick folds as the latter does, has 
been studied by H. van Laer. Its cells are formed in rolls disposed in fine 
tree-like forms. Without its bemg specially formidable it was found that 
beers infected wdth it were “ piecy,” after finding in the usual way, the 
“ pieces ” being formed either by the yeast in its arborescent form or by 
particles of gelatme enclosing it. It is found at the bungholes of cleansing 
casks in the crust formed after the primary fermentation, and there seems 
reason to connect w^th it some of the elongated cells of Pastonanus shape 
found in bottle deposits, because in comparative fermentations made with 
pure yeasts the cells were all round or elliptical, while w ith those fermented 
with an admixture many elongated cells were found. 

Selective Yeasts. — ^Under this head brief reference may be made to 
certam yeasts with more limited range than that of the usual brew ery type. 
Sacchaiomyces Maisianus (found by Marx on grapes), w’lth oval, rounded, 
or kidney-shaped cells, can invert and ferment cane-sugar but not maltose. 
Sacch. Ludwngii, found by Ludw'ig in the mucilaginous juice of acorns, can 
invert saccharose and ferment the resulting invert, but not maltose. In 
shape extremely variable at different stages, its most characteristic phase 
18 one where its spores roughly resemble an ace of hearts in shape, the 
upper part remauung, more or less, when the lower has become distorted 
These limited capacities have led to these yeasts being used with the ide.i 
of fermentmg away dextrose and levulose from inter-mixtures witii 
maltose, but the accuracy of results so obtained is questionable This 
incapacity to ferment maltose is shared with Sacch Exiguus and Sacch 
Apiculatue Sacch. Anninflliig, isolated by Hansen from Bavarian yeast, 
has been already referred to (p 161) as forming fniity ethers. It is sail 
to be not infrequent in English top fermentations, where it is said to 
induce cloudmess, but to be less usual in bottom fermentations. Its 
curious spores resemble a bowler hat in shape, or a basm with a distinct 
rim. 

fifthigin - fiftnffiTittmTny ftfttes. — ^Under this head comes (Schizo) Saccharo- 
myccs Poihbc, obtained from millet beer of Central Africa. It does not 
propagate by buddmg, but the cells form division walls at light an^es to 
their length and split apart there. It is a very rapid and far-reachmg 
yeast, which ferments dextrin and may easily bring about an attenuation 
of over 80%, with more acid than normal yeasts produce. 
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Saaz, Fiohbeig, and Logos Yeasts.— L’hoso terms imply fonuontativo 
charaotorwtics boloixging to cortjiin typos of both top au<l bottom yeasts. 
Thus in a normal wort Haaz (first obtsimed from a br«wory thero) only 
ferments maltose, Kroliberg (first from a bnnver of that iwimo) can formont 
malto-doxtrin also, while Ijogos can ferment dextrin (also inuhn) with 
relatively mucli acid formed Tlie appro-\imat<» tlt^grtws of apparent 
attenuation pro<lucod by these several typos in a wort of l-OOO would 
bo ono-third for Hua/i (to l-()20), one-fourth for Krohborg (to bOli)), and 
one-sixth for Logos (to 1*010). 

Interesting expormumts, in whiiih yisasts of each of these thnio tyiios 
wore \isod, wore made by II. van Limr showing that M. (Jarr.vinun acts, 
perhaps bonoiioially, as a d rag on yeast. Separate fermentations of 200 o.c. 
of wort in 250 c.c Pasteur flasks, both without any ami with a trace of 
inycodorma sulded, cam of (umrse Inung taken to avoid infection, wore 
made with the following result : — 

I0\i.t{t( b left <iu (it.ti) Alc'ohol % )iy vol 

I. (a) Saaz yeast nl<m<‘ . . • 4 •0:15 .‘J 0 

\b) „ „ -|- Mycijdoima . 5* 15 .*$ Sfi 

II. (a) JB’rohhoig yeast alone . • i .‘1 d - 

(6) „ „ -I Myi'odornia . 11 4 4 7 

Iir.(a) Logos yeast aloiK' ... 1 ofi fi 8 

(6) „ „ -|- Alycodonna . | 2 8 4 8 

The boors wore decanted into sterilised bottles directly signs of 
fermentation had ceased. All were brdiiaiit in tlirei^ to four weeks later, 

but except 111. (b), whicli showed 
an active si'ooudary lermeiitatiou, 
were ratlu'r flat ('Plie retarding 
infiuisiee, it will lie noticed, of tlio 
inycoiierma liad beisi relatively 
greater in this case, 'i.c., with the 
most atlenuative yeast ) 'J’lie 
inycoderma boiu’s were ])aler tiian 
the controls, their deposits gniator 
but moni compact. 

Symbiosis. — Many organisms 
tlius working together in doulilc 
harness, as it W'itc, iiroduce results 
ilifTermg from their single action. 
Thus a crude “ Chinese yeast ” con- 
tains a starch -converting mould, 
AmyUmycAUi lifxuxd, which produces 
dextrin and fermeiitablo sugars and 
is further capaiile of fermenting 
tlioso, but not so rapidly or well as 
' tlio yeast associatiMl with it can. 
i The microscope. — The good 
' qualities of a microscope are partly 
inochanical, partly optical. 

Q'ho mcolianical qualities consist 
in stability and smooth movement of the working parts, with just that 
amount of ri^dity which ensures the maintonanoo of a focus onoo obtained. 
The optical good qualitios are (1) Freedom from chromatic and 
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spherical aberration (2) A fairly large and well-illuminated ** field.” 
(3) Good definition. (4) Good penetration. (5) Itesolving power. 
(6) Flatness of field. 

The meohanioal qualities explain themselves. As to the optical, 
Chromatic abeiratioii means the tendency to split up a compound ray of 
white hght into its component coloured rays, so that the object under 
observation appears fringed with colour. The correction of tbis tendency 
in obj’eotives and eyepieces will be referred to again, but it may be men- 
tioned incidentally that perfect achromatism, i.e., the avoidance of any 
coloration with every object and when used with oblique light, is some- 
times attained at the expense of definition. 

Spherical aberration, also due to imperfect correction, or to the lenses 
not being ground in true spherical form, is evidenced by putting under the 
objective a glass slide on which are drawn a number of J^e lines, crossing 
one another at right-angles, whereupon the lines, especially at the edges of 
the “ field,” will appear curved, either towards one another at top and 
bottom or the reverse (in the former case like the lines of longitude on the 
map of a hemisphere). 

Fair size of ihe field (other things being equal) and good illtimination 
of every part are obvious advantages, and only need be insisted on because 
some makers endeavour, by reducing the diameter of the optical tube, or 
by fixing in the objective with a rim of metal (a continental practice, as 
opposed to the English maker’s method of fixing with Canada balsam), to 
give a factitious quality to their objectives, which the contraction of the 
field (the outer portion, which is generally most defective, being out off) 
enables them to do [The size of the field should however not be so great 
as to fatigue the eye, » e , the eye must be able to take in every part of it 
at one time.] 

Good definition is perhaps the most important point of all , it means 
clearness of detail, in other words, absence of mistmess 

Penetration is the power of giving a good idea of an object (or a fluid) 
possessing appreciable depth, without alteration of the focussing adjust- 
ment ; thus a microscope giving at the same time a clear view of yeast and 
bacteria (which, extremely thin as is the pressed-out droplet of liquid m 
which a mixture of them would be exammed, float, generally speakmg, at 
different levels) would have a penetrative power not easily obtained. 

Resolving power. — ^This is the power of resolving or separating the 
component parts of minute objects, striations, close lines, etc., instead of 
fusing thorn into an apparently entire surface, and accordingly is a km to 
good defimtion, except that it largely depends on a wide angular aperture 
(and is thus a somewhat antagonistic property to penetration, which is 
characteristic of medium angular aperture), whereas definition seems to 
depend on a proper balance of constructive precautions. 

Flatness of field is, practically, absence of spherical aberration ; and 
though absolute flatness is rarely to be got in objectives over J inch, the 
more closely they approximate thereto the better. 

Thf i angle of apeitnie is strictly that angle formed with the focus as 
one point and the two opposite extremes of that part of the objective 
which is used in the magnification * as the other two points — i.c., the angle 

♦Therefore if the outer defective portion of the field be out off, as has been stated to 
be the case sometimes, the angular aperture is reduced. 
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witliin which rays of light can piutH from any part, of the object, which iw in. 
focus, into the ol)jcc!tiv(« , but prac.tically it. is mcMisurcd in the following 
niaiiuor. 

A Homich-clo of wood, marko<l at the c*uvumfen«u“c with the angular 
<legroos (180“), aiwl ttH{bn,i<<ally known as a Protractor, is used On it is a 
flat, naiTOwish piece of wood moving fr(‘ely on a pivot fixed in the eiuitre of 
tho straight wide of the smnie.ircle 'I’liis pnH*e of wood has two upright.w, 
deeply grooved at top to reciuve the tubi< of tiu* mierositojie plaeiHl hori- 
zontally, and the eiwl fui*thest away from the pivot, in its <*ireular move- 
ment, just touches tlu% line outsiile of which th<‘ angl<‘s an* markiHl off. 
Tho microscope tube, detached from its stand, is tiuui, pla.eed in position, 
lying down upon these grooved u|)riglits, ami exactly in a liiu* with 
it (at a distance of some S feet from tlu* objeetivi* end) is a lighted 
candle. 

On looking now thiough the tube, the field of eouise apjs^ars jH'rfeetly 
illuminated, but it the wooden suppoit be now rot.ile<l on its pivot, <*itb(‘r 
to right or left, the illumination will gradually vanish 'I’his isaeeordmgly 
what is done. The eyepure end of tin* tula' is rot.at<‘d, say first to tlie 
right, until a thin creuccnt of light alone nuiiaius, and then similarly to 
tho loft. 

Tho number of angles [lassed over from righl lo h'ft is Ihen notis! and 
taken as tho angular apertuiv, though in riNility the aiigli* through which 
image-forming rays pass is ofU-n not more than tw o-f birds of tlu* tabulated 
angle, especially when the api'rture is high 'I’liis c.iii be got as high as 
170“, and when it is remembered that IKO" cipials two right, .iiigh's (so 
that two rays proe<*cdiug trom a eommoii point and IHO " itom each 
other would be inthe same straight liiw', and tlu'ii'toK- could not possibly 
paws through the same lens) the diflimilty of gi'ttmg beyond this will 
1)0 soon 

But, as has been said before, peivtiation, with which wide angular 
aperture is inconsistiMit, is of import.aiU'<‘ in a brewi'i's micro.scope 

Magnifsiilig power d('(>en<is primarily upon the Objective, winch is a 
combination of lenses, forming one whoh*, which is scnwiisl into tlu* 
bottom of the tube (closest to the object), “ the no.se " of the micioscopi' , 
and socoudarily, upon the Eyepiece, us(*d in conjunction with it, tlu* A 
oyopieco giving less maguilicatioii but a widiu licld than the B <‘y<‘pi<‘ce, 
with the same objective, wlnle the (5 is more powerful than B 

A and B arc the eyejneces most Irequeutly useil, “ deepi'r ” eyepieei's, 
except with objectives of v(‘ry wiile angular aperture, losing in iliiiinmat.ion 
and definition more than they gain by amphfiuation Hence it is a good, 
though severe tost of tho excellence of a microscope to look at some test 
object (e g., the Podura scale *) with an objeeiive and a shallow eyepiece, 
and then again after re|)lacing the latter liy a “ dei'jx'r ” I'yi'pii'ce. If 
there is no approciablo lows of ilelinitioii, the instrument has come trium- 
phantly through tlio ordoal 

Objectives, or object-glasses, arc classified luscording to tluur powers, 
and the names A. -xKi (inch), etc., approximate to their focal distaneo ; 
and tho shorter the latter is, tho greater tho magnifying jiower. Thus — 

* The scale of an innoot found in timbor-Htacks. JBut Uio slide should l>o procured 
from one of tho few practical mioroscopo makers. 
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Low powers are : The mch) the two-thirds inch, and any of 
greater focal distance. 

Medium powers are : The half-inoh, four- tenths, quarter-inch, 
and fifth 

High powers are : All of shorter focal distance than one- fifth, 

^ Q y ^th, '^th, Y^th, ^^th inch, etc 

Approximate magnifying power of certain combinations — 

§■ inch about 60 diameters with A and 90 with B eyepiece. 

A » 250 „ „ A „ 400 „ B „ 

iV » 400 „ „ A „ 600 B „ 

Magnifications of 1,000 and 1,200 (expressed X 1,000, X 1,200 when the 
magnified object is sketched) and even more are obtainable, but necessitate 
very high-class instruments 

[The Lumersion Principle is adopted with some of the highest pow'ers — 
i e , a drop of water is interposed between the lower lens of the objective 
and the object or its cover-glass. Less light is lost thereby because some 
of the oblique rays of bght, instead of passing onwards m the same line of 
obliquity, are, in accordance with a w'ell-known optical principle (because 
passing from a rarer medium, air, into a denser medium, water), deflected 
from their course, and travel upwards in a more or less parallel direction 
This system is not, however, adopted to any extent, if at all, by English 
makers, who rely upon superior methods of lUummation ] 

High power objectives have their definition much affected, according 
to the thickness of the cover-glass usually interposed betw'een them and 
the object, and accordingly most of them have a screw-collar, by rotating 
which the necessary correction can be made , but Mr Crouch gets over 
this necessity in his breiver’s cheap microscope by adjusting his objective 
(a 7 *..^!) to one particular thickness of cover-glass, ivhich he supplies in 
small squares 

Each objective consists of three pairs of lenses, each formed of a double 
convex of crowui-glass and a plano-concave of flint-glass (sometimes even 
of eight lenses), this arrangement being necessary to cure chromatic 
aberration, and the eyepieces, also corrected, consist of two plano-convex 
lenses with their convexity downwards. 

The eyepieces should further be inspected for scratches on the surface 
of either lens, or for minute air-bubbles, techmcally know'n as ** seeds,’’ 
imprisoned in joining the lenses 

To detect these, screw on a medium or moderately high power 
objective, and let subdued light through from the mirror If this be 
properly done, these and adventitious specks may be located by turning 
the eyepiece round, then by unscrewing the top lens and turning it round 
alone first, and afterwards the bottom part. The specks, etc , w'lll of 
course move with the part on w'hich they are 

Compound microscopes are either Mmiocular or Binoctilar (with two 
eyepieces), the latter, although the most comfortable for general work, not 
being adapted for use with the high powers which the study of yeast and 
bacteria requires, and which, for even moderate ambition, should reach a 
combination X 600, though undoubtedly for yeast alone a distinct 
magnification of 200 to 300 diameters is better to work with than a hazy 
one of 600. 

Other parts of the microscope include the Sisuodj with its base in tripod 
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form, the two front foot having a good wide spread, an<l tho hinder one 
(near tho observer) being U shapwl and with a broiul bearing, widely 
curved, at bottom, to socuro steadiness, if l.ho tube is to bo pulled down 
into a horizontal position. There are variations in form, some niiero- 
soopos having, for instance, a wooden staiwl, buii the above arrnngomont 
in iron is as workmanlike as any. 

The Tube is that portion of tho instrument into whi<ih the ol>ji*ctivo is 
screwed below, and tiio eyepiw.o slipped above. ’’I’iu^ extresne length 
between those points should not exeeeii Si iuclies, and for bn‘wer’s work 
one of loss length, but with a draw-tulx^ (like that of a t<deseope) enabling 
it to bo lengthened if desireil— tins increasing nmgnilicatiou -is usc‘ful, 
Tlio tube is connecled witli the tripod part of t he stand by “ a limb,” 
which works uxion yavots or trunnions at tho api'x of the tripod, and can 
be raovoil through an angle of 00“, or moi'e, au<l so shmd vi'rtuially or 
horizontally. 

Beneath tlio tulio is tho stage, on wiiieh tiui object to be examined is 
placed, and there is generally, as ])art of it, a smootlily moving object- 
holder, which can bo made to slide either liy two small pi'ojecting brass 
handles, or, as in tho more highly fiiusluxl mi<‘roscopes, is imuh* in two 
parts and fitted with two milled heads, one oi which movi's the upper 
portion (of tho object-holder) from riglit to left a ml ba<*k again, the otlu'r 
moving the whole objiKst-holdor, virtually the grixitm* part of tlie stage, at 
right angles thereto. 

Underneath the stage is sometimi's a suhstage in \vhi(‘li (li(‘ Diapliragm 
IS placed. Tho important part of this is a rouml blackmwMl plal.<‘ pas’ciMl 
with circles of different diameter for nigulating thi' admission of hglil to the 
object, but bettor for high powi'rs is tlie Achromatic Condenser, whu’li in 
its simplest oxproasion is a plano-convex h'lis, with the convi'xif v undiT- 
most, rimmed with brass to enable it to b<‘ litted t.o tin* si.ag(‘ or substage 
andcovoroil with a removable cap piercixl with a. small round hole 'I’liis 
arrangement not only concentrates upon t.he objisd. th<‘ rays of light 
thrown upwards by tlie Mirror lumcath (which should he of at UnisI, two 
inches diameter, and moving on trunnions, as widl as on a crank-arm lived 
to ” tho limb ”), but cuts off peripheral rays oi th(‘ pmicil 

The focus is got by means of th<‘ coarse and fine adjustments, both 
milled heads (tho former generally a(*tiiat>iug a ra<’k and pinion, though a 
draw-up arrangement instead is priu*ticable and cluxipiu'), the coarse 
adjustment serving to got the appro.\imat<^ fomis, the line adjustiiKuit 
(one turn of which only moves the objective ujioii which it acts , inch) 
being finally used to got a sharp delinition. 

It is more convenient to have the light, (‘siiocially when a lamp is used, 
on the observer’s loft hand than upon Ins right, as lus right haml will he 
wanted, more or loss, for moving tho sliile and the adjustnuMits and so 
might intercept some of tho illumination 

It is impossible to lay down any short general rule for the position of 
the mirror with roforonco to tho object, tlie jiath of ihe reflected rays 
depending not only on tho direction whence they come before imjiinging 
on tho mirror, but also upon tho concavity of the latter or its absence. 
The mirror will accordingly bo moved about until ample light to view tho 
object is obtained. 

Direct sunlight, falling on tho mirror, is not to bo rocommondod, for it 
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often, causes the object to appear fringed with a prismatic ring of colour. 
Su n ligh t reflected from a white wall or from a white cloud is the best 
natural iUuminant. Microscopists, however, generally prefer artiflcial 
light, and to fulfll their reg^nirements special lamps, bundng mineral oil 
(which must be of the best), are constructed, the wick portion of which is 
easily raised or lowered, and which have a chimney for cutting off all light 
except in the required direction. 

Great cteanliness is necessary, and the microscope must be kept out of 
the damp. It is moire convement to have one which can be taken out of 
its box ready for use, without screwing the parts together ; if, however, the 
microscope is one which must be taken apart before it will go into the case, 
it is better not to use the latter habitually, but to have the instrument 
ready for action and protected by a glass shade. Be careful to wipe off all 
dust, and to use the cleanest and softest (old) handkerchief that can be got 
for flnishing the wiping of lenses, cover-glasses, etc. 

To protect it from the vibrations of the brewery, Messrs. Matthews and 
Lott recommend that the feet of the table on wMeh it is wont to stand 
should rest on four thick india-rubber pads 

The most perfect way of keeping a supply of clean glass slides and 
covers, especially the latter, is to wash them after use in dilute nitric acid, 
rinsing two or three times aifterwards with fresh distilled water, and then 
to drop them into a stoppered wide-mouthed bottle of alcohol. From this 
they can be removed as required by aid of a clean pair of forceps, and 
carefully wiped. 

Or they may be put away, ready wiped, in a receptacle made of wash- 
leather and having divisions, each of which takes one glass. But practi- 
cally it is generally enough to wash with some friction under a hot water 
tap, lettmg the moderately hot water run on long enough to rinse the glass 
thoroughly. 

To examine yeast, etc., it should be diluted freely with water (tap water 
of good quality will do) till the fluid has a milky, or rather “ sky-blue,” 
appearance, because the details of crowded fields cannot be well observed. 
Put the smallest possible drop upon a clean glass slide, and for this the best 
thmg is a short bit of platinum wire fixed into a handle of glass tubing (this 
IS done by causing the end of the tube to contract upon the wire by the 
heat of a gas flame), and with its (the wire’s) end bent mto a fine hook. 
The platinum hook can be thoroughly nnsed in a stream of hot water 
before use, without causing any tendency to rust, or may be sterihsed by 
heating to redness in the flame of a Bunsen Over the droplet so placed 
upon the glass slide one of liie clean thin glass covers is gently put, so that 
the liquid spreads evenly, •without in'termixture of air-bubbles, nearly to 
•the edge of the glass cover. For moulds, alcohol is a better medium than 
water 

The only thing remaining to caution the no^vdce about is to be careful 
not to ram down the objective on to the object, which might result in a 
breakage of •the shde and even injury to the objective. The best plan is to 
get the objective do^wn wvOiin focal distance, first, by means of •the 
coarse adj^us'tment, looking while doing so, not •throu^ •the tube, but at •the 
objective and object -themselves, and then focussing upwards— i.c., away 
from the object. 

Possibly, however, he may be p-uzzled by a sort of to-and-fro movement 
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of apparent particles ; but this is merely optical, and will cease to trouble 
him with practice. 

There is also the so-called BroTraian movement — that is, an apparent 
vibratory or dancing movemcMit of inanimate, Imt rcwd particles, wlucli 
might load to a hasty inhTcnco of the prcsonco of vibrioncs The move- 
ment is, however, diiTcrent, arul the simplest way of getting an idea of it is 
to rub a trace of the wati^r-coloiir pigment, known as gamboge, upon a 
slide, diluting slightly with water, and after ]mtting on the glass cover, 
inspecting in the usual way. 

Without making invidious distinctions, it is right to name two makers 
who have successfully endeavoured to satisfy tlie <lemau<l for a trust- 
worthy microscope at a moderate (tost. TCIu'sct (miming ilutm in order of 
acipiaintanco) are Mr. ('rouch of the Barbican several of wliosct inicrosco{>os 
have come under the wntiu-s’ ohsitrvaiiou, and M<‘ssrs James »S wifi & Kon, 
at whose ostablishnutut (SI, Tottttnham Oouit Road) visitors are not only 
certain to have all their cputstions courteously answer<‘d, but may have the 
opportunity of seeing the various lensits in process of manufacturo b(‘fore 
purchasing 

The Detection of Wild Yeast in Pitching Sample. - In tlie strict scuisc 
of the term the presence of c(tlls of wild yc'ast cannot itc asccrtaiiwMl i>y 
ordinary microscopic examination with any (l<‘gnH‘ of certainty It is true 
that when a sample of composite y<»ast is cxamiiu'd under a corrt'ct light 
and with a high power lt‘ns tlic s<*veral vari(‘tu‘s of siuieliarom ve(‘tes pr(>sciit 
may probably he distinguislicd but not witli c(‘rlitud(‘ morphologu'ally 
S. CorovLsias ordinarily (‘xhihits cells of a round or sliglitly oval form, whih* 
fc} Piustorianus c.clls are of a sausage shajie. Unlortunalt‘lv tlie value 
of a microscopical exainiivitioii as a guide to tlu^ d(‘tcciioii of wild y(‘ast 
contamination is nuliifkMl by the jiower that saccharomyccU's poss<‘ss of 
assuming the forms of other vars'tics Ilaus(‘u's l.<*st for tlu^ defection of 
wild yeasts has ficcii suhj(‘cted of late to considiu’abh' cnf.icasm in ri'sp(‘ct 
to its reliability. He notinl that spore formation in (lilT<T(*nt (*lass(‘s of 
yeast occurred at diilcnMit temperatures, and wIhmi tin* wliole of f.li(‘ si\ 
varieties, whicli fornusl the suhj(‘et of his investigation, winii (Miltivahsl at 
a definite tcmiperaturi*, they w(‘ri‘ all ahl<‘ to produc(‘ spori's, and tlie 
important point was nwealed that th(‘ various typ(‘s of yisislr showisl a 
very wide range of dilTenng p<»riods of turn* whuili elapsivl bofoi<‘ spore 
formation commenced, and it is ujion this fiuitor that Ilansi'ii hasivs liis 
method of detection 

Althoiigli of highly scientific im|K)i*tauc(‘ tfie li'st is of little iiractical 
value to the o])crative brewiu’ who immkIs must, in tlu‘ majority of ocesisioas, 
decide quickly the jmrity and general suitability of his barm for pitching 
purposes. 

The busy modern brewer has not the tinu' to devote to tint correct 
cultivation of sampk^s of yeast in an endeavour to a,sc(‘rtain the pn'senoo of 
wild forms. Blocks of plaster of Paris are usi‘(l and the samfilcs main- 
tained at 52° Fahr for 10 days If no spores are formed at the eonchisioii 
of that period, then it can bo assuntuMl that the samples arc immune 
from contamination within wild yeasts. Wo have employed the 
term “ assumed ” inasmuch as the cultivation and ultimate (lotootion 
of true ascosporo formatioii is no easy matter in a ’prentice’s hand, and 
it reijuires the analjrtical mind and the skill and iirocision created by 
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a training in mycological methods to obtain conclusive and reliable 
results. 

There is a test, however, which can be readily apphed and jdelds 
valuable information as to the presence of wild yeasts in beer. Examine 
a fine sample of beer which subsequently developed a distmct haze or 
cloudiness, and also a sample of beer in the rou^ about four days from 
racking. Apply the following tests to them : Analyse the carbohydrates 
present, ** force ” them at high temperatures and note the reduction in 
gravities that occur. Under no circumstances should beer exhibiting the 
tendency named be mixed ofi with beer that is satisfactory, even althou^ 
the infected beer has become brilliant. But the latter can be used o£E in 
smaller quantities if sterilised, especially during the winter months. 

The bacteria met with in brewing practice, and f ermentology in general, 
are exceedingly small bodies, a fact that should be amplified to emphasise 
its importance. On an average bacteria or “ rods ” axe not more than 
one-twenty-fifth-thousandth of an inch in diameter. It requires twenty- 
five thousand of the average sized bacteria to reach an mch, and twenty- 
five thousand such lines would only cover a square inch just one layer deep. 
Moreover, it would take twenty-five thousand more layers to give a 
cubic inch. Briefly, then, the average bacteria occupies a volume of 
not more than one-Mteenth triUionth of a cubic inch. 

It is difficult for the lay mmd to comprehend how objects so exceedingly 
minute can be of any particular economic importance or sigmficance. But 
these micro-organisms make up for their mmuteness by the enormous 
powers for reproduction which they possess. They multiply thus : 
Bacterium, when fuUy developed, sphts in the middle forming two 
bacteria. Observed under the microscope a bacterium wiU develop to the 
full, divide, and form two separate orgamsms in the course of 20 minutes 
if the medium and temperature are favourable to bacterial reproduction. 
Assummg, therefore, satisfactory cultural conditions such as moisture, 
nutriment, and the correct high temperatures, one bacterium v'lH repro- 
duce itself to an almost incredible extent m the course of a few days. 
Bacteria, of course, never develop spontaneously in nature. They must 
have ancestors just as the higher plants and ammals have The ability of 
various bacteria to withstand unfavourable conditions differ, but m the 
case of spores (which correspond to the seeds of higher plants) these have 
the power of adapting themselves in some measure to unfavourable con- 
ditions. Heat, however, wiU generally kiU bacteria, and it is upon this 
fact that Pasteur based his sterilisation method now knovTi as “ Pas- 
teurisation.” 

The production of a cloud in beer may be due (apart from considera- 
tions of materials or faults of brewing) either to bacteria or to yeast. If 
the former, then there may be the cumulative effect of the presence of 
milhons of bacteria to a cubic centimetre (20 drops) to bnng about the haze 
in beer. Should the lack of brilliancy be due to yeast, then as the yeast 
cells are considerably larger, a smaller number will produce the same 
objectionable result. 

Apart from developing a haze in beer and the production of lactic 
acetic and other acids which render beer unfit for consumption, especially 
during summer temperatures, certain bacteria produce undesirable 
flavours. The yeasts are from twenty-five to a himdred times larger than 

BJC. 



290 


BREWING AND MALTING 


bacteria, wliich accouutH for ilic oxtrcimc dilUculiy ii% disccriuiJ^ the latter 
in an ordinary niicroscoj>ic -field of diluted yeasts. Yeasts diiTor in thoir 
method of niultiplicatioix ; iastcwxd of dovclopinjjC normal size and 
splitting in the centre as is tlio niotlnxl of ha<^torial growtlx tlio yeast colls 
throw out buds wliich develop) an<l finally break awiiy from the parent 
cell, to enter into a career of projiagatioix and general life functioixing on 
its own. In turn it throws out buds ami so on 

Moulds arc still larger than cvcix ba<‘.t<n*ia or yc^xsts ; indeed, so largo 
are some of the moulds that some of thoir eonstituonts can bo observed 
physically without recourse to inicrostsopic exaininati(jn. Moulds arc, 
however, more complex than citlun* yeasts or bactcMua. Tliey arc surface 
growths which require free oxygen for tlieir <h'Jvtdopincsnt, and if the film 
is permitted to subside in beer an unpl<‘asant flavour will be [>roduced. 

Most of the Torula (s(*e i). 320) are easily rec?ogniHc<l by their almost 
perfectly round shape, thoir content of fat, their i>eculiar manner of 
propagation which causes them to give off simuH aneously many small 
round buds, and finally by their membrane, almost always surrounded 
by a layer of a mucilaginous substance Many of the mouhls and bacteria, 
under certain conditions arc able to fc^rnu^nt the sugars, although this 
fermentation is not active and is prolongcxl Indixxl, all cells which 
contain sugar are able in the absence of oxygiui to function as yeast cells 
and produce alcoholic fermentation. Fisclier and fi’hi*irfeider have 
established that only those sugars are feriiH^ntabU^ in which the carbon 
atoms are in multiples of three 
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FERMENTATION WITH COMMERCIAL YEAST — 

ITS SCIENCE ANL PRACTICE 

LiSBIO AKB ^PaSTBUB COKFUiCTZBG- TbbOBIBS PbOBBSSOXL Huxi-Eir’s Sl]tf!EI#'E— 

Tbaubb's H'stpotsbsis — Sbbbblb’s !Rbsbabch;bs — ^ABOL iF Ma'S'bb's — Y bast IRbact- 
iNa oisr ITS OWN Tissubs — agbli^s Theoby — ^IDitmas — !Bot7B.qijelot anb Selec- 
tive Fbbmentation ’* — By-bbobitcts (GiiYCBBiNE abb Succinic Acib) — Inevitable 
Contamination of Inbustbial Yeast — ^K'itmbeb. of Atc-rtat. Sfobes Vabtes — 
High: anb liow Yeast — ^Tbeeb Vabieties of tee Pobmee — ^Micboscopic Appeab- 

ANCE OF TEE CeILS ObBEALS WEICE YEAST CAN SUBVTVE ^ANALYSIS OF HiGE 

Yeast — Effect of Aebation — ^Alcoeol Pebcentage anb Maximum Density of 
W oBT — H eat Genebateb — Con cubbent Action of Disease Pebments — ^Attenua- 
tion — Heabs — Poxy Smell — Sluggise Pebmentations — ^Fieby Pebmentations 
— Baxeb’s Yeast. 

Wb shall not attempt to peer mto the mists of antiquity in the hope of 
ciiscermng the birth of the primitive yeast-cell, or even do more than 
mention the respected names of Leuwenhoek, WiUis, Stahl, and Schulze . 
Their researches, important as they were, have now merely an historical 
interest. 

Nearly fifty years ago, Pasteur began his epoch-making publica- 
tions, and proved that certain forgotten discoveries (particularly those 
of Cagniard-Xiatour and Schwann) were based on facts, and that yeast 
is not a dead mass, as Liebig (to select a great name) supposed, but 
that it consists of living and multiplying organisms^ that yeast germs 
(spores, as such, were of course unknown, till later) occur in the air, and 
that fermentation is bound up wdth the presence, the reproduction, and the 
nutrition of these organisms. 

Then the battle raged. Liebig had enunciated as early as 1839, with 
all the weight of his authority, his theory that yeast was a lifeless albu- 
minous body, the molecules of which, being altered in composition by 
oxidation, imparted a similar disturbance of equihbrium to the adjoining 
sugar molecule, causing it, in consequence, to break up into alcohol and 
carbonic acid. 

Pasteur, on the other hand, maintained that yeast, like all living things, 
takes oxygen from the air, giving out a corresponding quantity of carbon 
dioxide, and that accordingly no fermentation is induced in the presence of 
free oxygen. !But if access of free oxygen were prevented, the yeast, he 
said, would take the required oxygen from the oxygen-containing com- 
pounds (e gr., sugar), whereupon equilibrium being destroyed, the sugar 
splits up into alcohol and carbonic acid, by-products being formed in the 
shape of succinic acid and glycerine. IBEe accordingly constructed the 
definition Fermentation is life without air.^’ 

Professor Huxley illustrated the difference of these opinions by the 
simile of a card-house, to which he likens the sugar, comparing the yeast 
to a child coming near the card-house. ** Liebig’s hypothesis is,” he says, 
** that the child comes by, shakes the table and tumbles the house down,” 
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while that of Pastoxir is iUai “ tko child puilB out the bottom cord, and 
thus tumbles the house down.” 

Liebig would never entirely give up his mechanical theory, thou^ 
forced to own tliat yeast is no lifcJoss mass ; the most ho would do in the 
way of concession was to suggest tixat an enzyme (like invertaso) was 
socTotod, or perhaps excreted, from the yt^ast cax>ablo of splitting up 
glucose into tlio x>Toducts ol fermentation. 

Tlio chemical hypotlicHis was supporlcd by Traube, whoso views 
deserve to bo citcid as an examiile of iierveited ingenuity in its main 
contention, though in <iotails there may bo fjict to suj)i)ort thorn. He con- 
tended, first of all, tliat tlio fonnont itself is a chemical compound, which 
cannot bo separated from the yeast-oixsanism without loss of activity 
(consequently not an enzyme), and that its fiction was as follows : hlugar 
consists, ho said, of two coiii]ilcx atoms, a reducible (A) and an oxidisablo 
(B). The fonnont in the yeast takes oxygen from the group A, and con- 
voys it to groui> B, whence arises on one si<le alcohol, on the otlier carbonic 
acid. And seeing tliat the oxygon-convoyer (the ferment) never became 
saturated, but by surrender of the oxygim taken up was constantly 
qualiflod again for fresh reduction, so it was clear that a small (quantity of 
formont could siilit ux) a very largo quantity of sugar. 

Traube later on inodilied this view so far as to assign to the water of 
the fermenting fluid a part in the fermentation, contiMidiug that by the 
affinity of tlio formont for oxygon on the one hand, an<l of the atom-group 
A for hydrogen on tlio other, the water w'as first ol all decomposed, tlion 
that its hydrogen was taken up by the atom-group A, while its oxygen 
was taken up by the formont luid conveyed to the atom-group B. The 
atom-group A was thorouxion transformed into alcohol, the atom-groux) B 
into carbouio acid. 

This oxtromoly fanciful view is ingenious but further removed from 
demonstration than when onunciattxl. It takes no account of tlio by- 
products formed in every alcoholic icrmentatioii, in greater or less quan- 
tity. Novortlioless, wo, who have soon tivc nwuscitation of many ideas 
once consigned to tlio limbo of negleot, may liesitato bofoiu branding this 
as nonsense. 

Traube traversed Paslour’s view that the sugar serves as a source of 
oxygen for the yoast, maintaining as the result of experimiuits so late as 
1874, that the albuminous bodies of the fermenting fluid have to supply 
that requirement, when air is excluded. 

Brefeld was the next, whoso investigations claim notice, with his 
experiments aimed at Pasteur’s statement that yeast can grow oven 
without free oxygon. Ho hermetically scaled up a fermenting fluid sown 
with two or three yoast cells (say a droxilot of fermenting beer- wort) in 
small lonticular-shapod glass chambers, with almost air-free carbonic acid 
gas, and then followed the growth of the yoast-coUs microscopically. Ho 
found that growth of the coUs only lasted for two days with tho tempera- 
ture at 13® to 14® C. (= 55’4® — 67*2® Fahr.), tlioir appearance at the end 
of fourteen days being completely that of dead colls. 

Belying upon his experiments, Brefeld thou^t himself (1874) justifled 
in ooncluding, in opposition to Pastouz and Traube, that yoast oaxmot 
grow without free oxygon, and that Pasteur’s theory (that yoast, unlike 
all living organisms, can live and grow without other oxygon than the 
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ctmAined oxygen of the sugar) was oompletdy without foundation in 
fact. 

Bref eld further asserts, on the strength of other experiments, that the 
yeast growing in a fermentable fluid and having a constant supply of free 
o^gen, cannot cause fermentation. In this he is in piractical agreement 
with Pasteur, as will appear later on ; he diflers, however, in holding 
fermentation of sugar by yeast to be the expression of incomplete co- 
operation of all the conditions necessary to maintain the growth of the 
cells — ^in other words, that “ Permentation is a pathological phenomenon, 
which begins at the moment when the yeast m the unexhausted nutritive 
fluid can grow no longer, and which stops with the death of the yeast-cell ” 
Brefeld’s standpoint, accordingly, was that the growth of yeast and 
fermentation are two separate processes. In breweries, according to his 
position then, both stages go on side by side in different parts of the 
fermenting wort. On the surface, where the oxygen of the air has access, 
the yeast grows without being able to cause fermentation ; in the lower 
depths, on the contrary, where all quasi-free oxygen has been consumed 
by the yeast,/eme?ifaf low occurs. Then the yeast absorbs sugar (maltose 
or glucose) out of proportion to other nutritive bodies, and splits it up into 
alcohol, carbonic acid, and other products. This abnormal life-process, 
Brefeld said, will last for weeks, the vitality of the yeast getting less and 
less, and finally the fermentation dies away, even though the supply of 
sugar outlasts the vitality of the yeast * 

The practical outcome of Brefeld’s conclusions, supposing them to be 
accepted, is that air must be allowed access to promote the multiphcation 
of the yeast, while exclusion of the air and consumption of such oxygen as 
has been already admitted, seems necessary for fermentation, as such, to 
start. The aeration of the wort should then take place once and 
thoroughly for the yeast to gain strength and multiply, whereby it is 
eventually able to decompose a larger quantity of sugar but a further 
introduction of air would be not only undesirable, but even injuriou.s 
A natural corollary of Brefeld’s views as to fermentation being the 
expression of an arrested development is that he inclines to Liebig’s 
opinion, holding that the mtrogenous substances exuding from the yeast- 
cells during fermentation (an emission whereby, he says, the yeast becomes 
poorer in nitrogen as fermentation is prolonged f) are, in all probability, 
the actual exciters of fermentation, and that fermentation is therefore a 
purely chemical process 

Adolf BKayer now turned his attention to the matter, and repeated 
Brefeld’s experiments in the glass chambers, at one time enclosing carbonic 
acid, at another hydrogen, in order to determine the possibility of an 
injurious influence due to carbonic acid, so poisonous to some other forms 
of life ; he worked, however, with larger quantities of fermentable fluid 
(4 litres of beer- wort), and with most careful exclusion of air. He found no 
marked difference of appearance, whether carbonic acid or hydrogen had 

* Suoli a residue of undegraded sugar in a malt-wort would be explained by the 
advocates of the malto-dextnn (amyloin) theory, with great probabihty, as being due 
to the fact that it originally existed, and still exists, not as free maltose, but as the definite 
compound (though the type may vary) malto-dextnn, which is, until degraded by some 
other agent, obdurate to the attack of primary yeast (see pp- 243 — 245) 

t This statement is hardly home out by Hayduck’s experiments, to be mentioned 
later. 
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boen. introduced before the cloHuro of the veHHcl. It further apjioarod that 
in the majority of oohom, i)uddiu|' of the y<uint-cellH occurred in Hpito of the 
most careful oxcluHiou of atmospheric oxygen, but tiuit the growtJi. died 
away always on the second or third day, before the sugar of the nutritive 
solution was oxJiausted. 

Fuitlior, tlxo majority of the samples, tohilly frcKwi frtuu oxyg<‘n as tlioy 
wore, showed cloudiness and ywist tleposit, a fact which pointed to growth 
and multiplication of the yeast. 

Mayer accordingly cou(irmo<l Brc^feld's ex})erimental results to the 
extent of allowing that the growth of y<‘jist is hindered by ex(‘lusion of 
oxygon, but did not think hims(‘lf justifiinl in concluding that absolutely 
no growth of the ciill octcui's when oxygen is <‘.\clud(‘d. 

He also draws attention to the discovery made during his researches 
that the lactic Ixusteria entering in very small (juantity (in company with 
tJie yeast) into fermentable iluiils, multiply v(*ry vigorously in s|)it(‘ of the 
exclusion of oxygen; therefore lirefehl’s strongly enunciates I law tliat 
“ all organisms must breathe free oxygen ” cannot claim to lie universal 

Brofold’s second assertion, that growing yi'ast, with an ample supjily 
of air, causes no fermentation, was t(‘stcd by May<‘r, aiui this in\ cstigator 
found that very considerable quantities of air <‘an be intnxluced into fluids 
containing budding yeast without stopjnng tlu' yeast-fungus from acting 
as a ferment. “ Tins much,” he says, ” is at any rate I'stablislu'd, that 
under certain conditions of oxygou-introduetion simultniMsms fomenta- 
tion and growtli occur, and tliat, not inth<‘ int(*rmift(‘nt way imagnaxl 
by Brofold (viz., that hero one <‘eU which liiuls ii*><>lf favouralilv situafi'd 
with regard to oxygon will grow, and that tliox' anofh(>r. lying at tlic 
bottom, will act as a ferment), hut that flu* si-lfsaiiu* cell will siiiial- 
tanoously grow and excite fermentation lh‘ cousido’s that, f lu* cvistcnce 
of a stage, intorniediafo between tlu* two stales, wlii<-h Bn'h'ld hypo- 
thetically argued for, is <leuionstruf<‘d, an<l fhaf. this sfage, in winch yi'ast 
simultaneously grows and fcrmciita, app(*ars to lx* a v(‘ry wale on<‘ 

Pasteur again rctunicd to flic charge, aiul by iisi* of a large flask, 
containing a Wincntable fluid, an«l from which oxygen was rigorously 
excluded (eiitirt* absence of fr(*e o\yg<*n was shown by th(*r<* l«*iug not tlx* 
faintest blue coloration of Indigo carmiiu*, rc<luc(*<l with sodic bisulphite), 
proved, on very slightly iniproguatiiig the couti'uts of f lie flask wif ii yeast, 
that fermentation can occur in flu* abs«‘nce of fri'c (< c , not combiiu'd in 
sugar) oxygon, the extraordinarily small <pianf.iiy of tin* ferment d<*v<*lop- 
ing imraodiatoly, and the hwmentation <!ontinuing to coinpk'tion, although 
somewhat more slowly than when air was a(linitf('<l. 

And, finally, Brofeld renewing his experinu'iifs with yi'asi (from wine) 
and with iha gonidia oi Mucor Rax'4>mi)Hm, in a solution pri'parcd from file 
purest inverted sugar-eawly, ammonia sall-s and rniiu'ral oonsf-ituents 
derived from cigar ash, air being rigorously cxcludwl, satisfied liimsi'lf that 
his former contention was incorrect, and that Pastinir’s statimuuit, that the 
growth of yoast cells in a medium free from oxygon was dtu^ to f.he oxygen 
of the sugar, ha<l boon verified. The results also, as far as ilu'y went, 
knocked the bottom out of Traubo’s theory (that the oxygen domand<Kl by 
the yoast in a medium whore no atmospheric oxygen was present would be 
wrested from albuminoids and not from sugar), seeing that there woro no 
albuminoids admitted into Brofold's solution. 



lEBMBNTATION WITH COMMERCIAL YEAST 295 


Biefeld was still disiit,clizted to acknowledge absolute uniformity ; be 
stiU. distinguishes between (1) Fermentation with growth ; (2) Fermenta- 
tation without growth or loss of substance ; and (3) Fermentation with 
loss of substance to the point of extinction. And many will admit the 
possibility of these processes going on contemporaneously. 

A curious fermentation-phenomenon, observed by M. Pasteur, throws 
some light upon the way in which the latter process may occur, though of 
course his experiment — equally with all the others — ^was not on actual 
brewing Imes. 

*424 gramme of pure sugar-candy was set to ferment with an amount of 
damp yeast = 10 grammes of dry yeast, and this mixture furnished by the 
end of two days 300 c.c. of COg, whereas the sugar alone would only be 
capable of yieldmg 110 c c. of the gas. The liquid then, being carefully 
distilled, gave rather over *6 gramme of absolute alcohol, or a weight of 
alcohol greater than the total weight of the sugar employed and propor- 
tionate to the volume COq formed. Whence came this ? 

This experiment shows that very large excess of yeast mixed with sugar 
will first decompose the latter, and then go on reacting energetically on 
its own tissues and carbonated constituents. And it was found upon 
stopping the fermentation, at a moment when the CO^ formed corresponded 
to, or was but httle in excess of that corresponding to the amount 
of sugar employed, that all ihe sugar had disappmred. This is a point of 
some importance, as tending to show that as long as a fermentable sugar- 
body is present, the ferment will not begin to consume its own tissues, 
although there is reason to suppose that the soluble nitrogenous matter,* 
of which yeast contains considerable quantities, is utilised to form fresh 
protoplasm for new cells, otherwise how could cell-multiphcation in a pure 
sugar solution be possible * 

What IS the reason why yeast, mixed with a feeble proportion of sugar 
after it has decomposed the latter, proceeds to act with such energy upon 
its owm tissues when, as far as w'e know, no such action takes place with 
the brewer’s “ store-yeast,” which is generally kept — often in considerable 
bulk — ^for three or four days after collection ? Can it be that in the 
former case a molecular vibration is set up, which does not immediately 
subside at the point when the sugar is all decomposed ? If this could be 
proved it would furnish an argument for the last general theory of fer- 
mentation — apart from that w’hich is, in the main, Pasteur’s — ^to be 
mentioned in this chapter 

Nageli’s Fenuentation Theory. — ^As Liebig’s was the chemical theory, 
Pasteur’s is the vitalistio theory, so Nageli’s may be called the 
molecular or perhaps the catalytic tlteory. According to his view, the 
action of the yeast-cell is due to the molecular vibration of the protoplasm 
which it contains : further, in consequence of this molecular action, the 
decomposition of the sugar takes place outside the cell, and not inside, as 
Pasteur’s theory requires. The action is supposed to extend to a minute 

• Fresh yeast, dried at 212“ Fahr., shows a loss upon being washed, which may he 
estimated at about 23%, oalcTilated on its wei^t when dried. Yeast, which has been 
by bemg kept in a warm place, say at 80“ Fahr., for two days, will show a loss of 
weight= over 60% oalcrdated similarly. [100 grammes fresh yeast dried at 212“ them 
weighs 30 grammes, after the washmg 23 grammes : the softened yeast weighs after 
washing 14 grammes. Schutzenberger.l 
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but (liaviiig rogordto tho oxlromo sniallucsH of tlio objects wo aro speaking 
of) seiwiblo distance from the coll. 

Dr. Kqiiiro, in a lecturo rofornHl to in anotluM* <‘ha|>t(‘r, pointcnl c)\it tliat 
tho formation of acetic other, w'lu(«h contribuit's to t.ho sc<iut of formoixting 
wort, and which ocisurs, as far as wo can h(«», by t,h(i conibiuod action of tho 
aloolxolio and acetic fonnonts, tcdls strongly for Nagoli’s view, because wo 
know that “ acotus otiuw is produc(«l wiien alcohol and iwictic a<Jid aro 
brought tog(^thor in tlui luxsct'iit staU'. Now if {WKd-U! judd b(» fonnod 
tho acetic -forinont cell, and tho alc»)hol product'd //w/V/c tho yeast 
coll, no acetic other could bo productsl, but if a koiw^ of molecular vibration, 
in which tho work is done, surrounds oa<‘h ctdl, it is clear that, whenever 
tlioso zones cut one another, aiietic ether would be produe.ed, 

Further, Nagoli’s theory also explains what is not (‘asily exjilieable 
otliorwiso—- the suppression of one fernuait, presi'ut in small <juautity, by 
another forment, pwsont in large (piuntity. More powerful vibratioiis 
tond to suppress loss ]>owerful vibrations, wliieh are not m unison with 
thorn ; and if wo aujijiose each ferment to have a p<‘culiar vibration of its 
own, by which it sets up a specilic decomposition in the surrounding 
medium, wo can easily unilerstand how the pnslominat.iug vibrat.ions tiMxd 
to supjiross tho rwt.” 

However, tho following facts demonsi ratisl by Dumas, ihough prior, 
wo believe, to tho publication of Nagidi's hypotlu'sis, ('specially the first, 
rather militate against that view’. The third aims ai. llu' clu'mical (h<>ory 

(1) That saccharine lapiids are not iulbi<‘ii<‘('d b\ a leriiu'nt, evi'ii 
through tho shortest eohmms of lupiid oi Ihv t/ininrtit- iurnihravra 
(2) That sonorous vibrations Jiave no mlluence on tlu' movemi'ni'S of 
formoniiation (;j) That no chemical action among.sl. ihe gn'at number of 
those which have Ix'on tru'd has hc'eii able to ('Ib'cf, d('composil.i()ii of sugar 
mto alcohol aiul carbon <IioM<h'. 

Again, Bounjuelot’s expenim'iits on “ Selective Fermentation/’ if 
thoir results could be shown to he constant ioi ('veiy .spi'cic's of yeast, 
would go far to prove that tho decomposition of the siigai lak('S place 
witlun tho yea.st-ccll, as Pasteur said, and iiof. oiitsuh' ol if., as Nagidi 
maintainocl For ho claims to hav<' esf alilished that lIu' lati' willi which 
any fomientablo sugar is deoomposc'd stands in a close' rat.ion l,o j1,s 
difluaibility through membranes (/ c , by (lmly.sis), » r , Ihaf. (h'xf.rose is 
more rapidly fermented away than hwulose, and h'viilose f.hau mallosi', 
thoir dilfusibility standing in the same onh'i* 

With regard, however, to tho abov<'-<piot<‘(l results of Dumas, it has 
been found by Duclaux and Jbichiu'r that di*xtros(» can Is* split up into 
alcohol and COg when ox])osod to sunlight in ])resenee of eaustie. potash. 

Btichner’s Zymase. — In 18f)7 H. Hueluw'r allegc'd that Pasteur’s 
vitalistio view of formontaiion could no longer bo mainbiiiM'd, and that 
Liebig’s was shown to bo neai'er tho truth by tlu» fiust that yeast juice, 
doriv^ from colls that wore actually dc/ul, could exert f<‘rmontativo 
functions by means of an onzymo it contained, to wliieh lu' gave tlie name 
of Zymaso. It was originally got by grinding u]) yeast with (juartz sand 
and then subjooting tho mass of disintografietl <i(dls so obtained to strong 
pressure, finally passing tho resultant Ihpior through a porous porcelain 
filter. Tho yollowisli and slightly opaloscont liipiid, from which (tO^ begaix 
to oscapo at 40® C. (« 104® F.), became a practically solid mass on further 
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heating, owing to the presence of coagulable proteids, yet upon evapo- 
rating at low temperature the zymase, with other enzymes, could he 
obtained in a solid form, in which it can be retained for a fair time without 
losing its property of causing fermentation ; on the other hand, a rapid 
loss of this power by the juice itself when kept, not to speak of the variable 
action of different juices, rather points to still inherent vitality, against 
which it is argued that its passage with unaltered efficiency through a> 
Berkfeld filter and activity in the presence of chloroform indicates enzyme 
activity. The rapid deterioration of the juice can be delayed by satu- 
rating it with a fermentable sugar, a case which with other enzymes'is, says 
Abeles, without parellel, and he argues that Buchner’s assumption that 
this occurs because the sugar restricts destruction of the zymase by 
peptonising enzymes is not tenable, in view of the fact that only fer- 
mentable sugars are protective. In any case the juice contains several 
enzymic bodies, oxidase, maltase, invertase, a glycogen ferment, and an 
active proteol 3 dio one acting upon the protein constituents autodigestively . 
It is plain that, whatever view be taken, the agency of yeast-cells is 
indispensable for producing the zymase-containing juice, nor, even if it 
were desirable on other grounds, could juice be substituted for yeast-cells 
in pitching, the ready-formed zymase in each litre of yeast (= 0*22 gallon) 
having been calculated (J. J. van Hest, 1903) to be an amount capable of 
decomposing 87 grammes (3 oz.) of sugar, obviously a very small portion 
of the work, in a fermentation sense alone, that the yeast has to 
perform. 

Important work by Macfadyen, Morris, and Bowiand on fermentation 
by yeast juice gave results varymg from Buchner’s. Thus one of their 
experiences was that very moderate dilution (1 : 2) completely stopped 
fermentative action, whereas Buchner used water without detriment in its 
extraction, and Harden and Young found that dilution with a 6-fold vol 
of water did not affect autodigestion, but that when the juice contained 
glucose a 3-vol dilution reduced fermentation to 0 o or 0* 7 of its original 
force. The three investigators named found that large quantities of gas 
(CO 2 ) were given off on antofeimentation of the juice, even when main- 
tained at a temperature low enough to keep it solid, as against Buchner’s 
temperature of 40° C , and sometimes even more than when sugar was 
added : this last applied specially to sugar concentrations over 10%, 
whereas Buchner finds the juice fermentation in higher concentrations 
(40%) more energetic, and even goes so far in his criticism of the English 
work as to say that results mth lower solutions are vitiated by absence of 
proof of their sterility, being in themselves insufficient to keep organisms 
in check. Macfadyen , Morris and Rowland’s method of winning the juice 
is as follows (the quantity obtained bemg extremely variable, but 
averaging 30 to 35 c c. of juice, with gravity 1050 — 1060, per 100 c.c. of dry 
yeast), the operation lasting 3J hours. 

Brewers’ yeast was mixed with equal quantities of water, centrifugalised and the 
supernatant liquid drained off. This was repeated tall the water came off clear 
a nd colourless The pasty mass, wrapped m a double thickness of hydraulic chain 
cloth, is subjected to pressure of 70 — 100 atmospheres, and the resulting yeast is in 
a white powder. Next the cells are disintegrated by a contrivance which keeps the 
yeast in violent agitation with added silver sand, the rapidly succeeding mutual 
impacts rupturing the cell-walls and expelling contents (material is kept coed by 
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oiroulating briuo of 5" (*., «w othcrwiw^ the tcm|>(>ratun* riscB noftrly to boiling jxnnt). 
Tho juice ih 8oparat<*<l by atldirig Kuwlgulir and pwHHing ftH before*, liut under 200 
— 360 aimoH]>her(>8. 

'Flioy found that only with strong jui<*<*M <lo<‘s tlui ratio of alcohol to (JOg 
approximate with that given hy l*ast(‘ur ; with a w(‘al«*r jui<'o tho alcohol 
is gonorally higher, hut an ainouut of sugar elisappcars in ("ccess of that 
roproaontod hy alcohol aiwl (Hlo, the amount so (lisap]>(‘arlng being less the 
nearer tho alcohol an<l formed ni>proa<’h the onlinary fermentation 
ratio. TIio sugar appanuvtly disap|K‘ars aft ttneh (it lK*ing provwl that no 
juice coi\HtituentcaiU!ounti<u‘a(‘te,upric it'diK-ing powetr, aiul Wwxi no hydro- 
lyaabla ftityar haa hvtot formed ) ; it is th<‘rt*for(b assum(*d to form a sugar-a: 
compound with an.r (unknown) constituent of protoplasm, and that it is 
decomposition of this sugar, lock<*d up as sugar-.r, which yu'lds t.he gas in 
auto-fermentation With strougjuicc,<lecomposi(iongocs on till all the 
Hugar-a; is broken down, hut with weak juice not From this ami corre- 
lated facts tho induction has been nuulethat Ihc consumption of sugar by 
normal yeast, in its convt*^!!)!! into alcohol and ( '( > 2 , occurs in two stages 
(1) building up of the sugar inol(*culi‘s into tlu^ living |)rotoplasm of the 
yeast ; (2) a breaking down of tlie c<»mple\ into ak'ohol aiyl Harden 

and Young agree tjenerally with tin* previous workm's in tlu* case of top- 
fermentation Juici*, but tlu'y think the disapp(*a.rmg sugar preferabh* to a 
non-reducing substance, convi'rt.ibk* into r«*du<*ing sugar by acid-hydro- 
lysis. In acellular f(‘rmenbitious the mavinium of sugar eouv<*rtible into 
CO 2 and alcohol is sn% of tlu* sugar disapp<*.inug 

By-products of Fermentation (Glycerin and Succinic Acid). ( lay- 
Lussac’s ocpiaiiou to eKplain the f<'rm<*nlatioii ol I’aiu* sugar as ris'on- 
struetod by Dumas aiwl lioully stood 

OxJl2aO,i -I- risO <(f'..ll,,0) I •»(<'<>-) 

Cano-Hugar. Water. Aleoliol Caibon Dioxide 

According to which alcohol ami (’Oo are formed in tho proportion of 1S4 
parts — 4 (24 -| (J | Hi) of tihoforim*r to 17<i t (12 | 32) of the latter, 
or in percentage 51' 1 1 of alcohol to 4S H5) ol ( '< ).j 

According, however, to bimU't aiul Mnrsais (r<*ccnt work), the r.itio of 
alcohol to (JOg diminishes continuously ilurmg fermentation, more alcohol 
being formed at tho outiset, hut t.lu* < '( tg gradually ov(*rt.(dving it , so t li.it at 
the close the two are in mpuvl ipiantities, tlu* ratio not heing apparently 
influenced by tempei’aturo or lU'ulity at. any st.ag<*. 

However this may he, Duhrmifaiit, soon aft<*r tlie above (‘(piation was 
issued, stated the impossibility of making tlu* (‘ipmt.ion of fermentation 
witli alcohol and carbonic neid alone ; hut it was l<*ft. for Pastiuir to prove 
that a proiioition, which he e.stimal<*<l as av(*raging aluuit r>“,', of tlie 
fermentable matter, was diveited into the format.ion of hy-produets and of 
tissue for tlio newly formed yeast (approximat<‘ly 4*)(, for tlie by-products 
and V% for the yeast). 

His oonolnsiona, summarised by Hcbut7-<*nborger, atwl a further 
development of them, are as follows : 

Pasteur endeavours to ropmseutbyan e({ nation the <lecomposition of 
tho four parts of sugar wliicli yield suecinie acid and glye(‘,rino. Tho 
expression i.s very complex. 

J ^ (('iH*().).| 144«’,H,(),) -f. 6000. 
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According to Pasteur 105' 65 grams of glucose 3d.elded9>^jt 
61 11, carbon dioxide 49'42, succinic 0*673, glycerol 3'40 '==1»taRlO4^0Qa. 

This equation can only be considered, as Pasteur bimflftlf sa 3 rs, as a very 
approximate e:^ression of the numerical results of the analysis, and not 
as a mathematical expression of the reaction. 

A much simpler equation was proposed by Monoyer de la 

Faculid de Midecme de Strasbourg) to represent the results of Pasteur’s 
analysis. 


= 2(C4H.0.) + 12(C,H,0,) + 400* + 0, 

He supposes, at the same time, that the excess of oxygen serves for the 
respiration of the globules of the ferment, a possible, if not a very con- 
vincing conjecture,* 

It is to be understood, of course, that the proportions of these two by- 
products are never absolutely constant for a given weight of sugar. Where 
the fermentation is slow, in the sense of being really sluggish, or where the 
yeast is weak or vegetating under unfavourable conditions, tlxe proportion 
of alcohol produced seems to decrease, and that of the glycerine and 
succinic acid to increase in proportion. On the other hand, a good store of 
assimilable nitrogenous food and of suitable mineral matter in organic 
combination increases the amount of alcohol and lessens that of the by- 
products This has probably a bearing upon the apparent anomaly involved 
in the undoubted benefit which many brewers have experienced from judi- 
ciously added yeast foods, while all the time their "wort contains nitrogen 
far in excess of what any conceivable growth of yeast cells could absorb, 
if only it were in the highly peptonised condition of the added material. 
A slight acidity of the medium is also regarded as somewhat unfavourable 
to by-products, the reverse being noticed if the medium be neutral. 


Now, however, the fact that in acellular (zymatic) fermentation the quantities 
of glycerine and succinic acid are less than where hving cells are employed points 
to the fact of their being metabohc products of yeast, which vary wth the factors 
influencing the yeast’s fermentative vigour If we accept Brefeld’s conclusion 
that these by-products are mainly formed at close of fermentation, or when exhausted 
yeast is used, and generally when conditions are unfavourable to its activity, it would 
seem that fermentative vigour is less lesistent to adverse influences than meta- 
bolism IS But recently Seiffert and Reisch have come to the opposite conclusion 
that mostglycenneis produced in the eaily stages when yeast pioduction is strongest, 
hardly any at the close This may be true for vigorous fermentations and Brefeld’s 
view for those with feeble or impure yeast ; at any rate, with pure yeast (Hansen’s 
No 1) the latio of alcohol to glycenne has been foimd as low as 100 : 2 63, while 

* The probabihty of this conjec tui e is questioned, because, as far as the wiiteis know, 
the ehmmation of free oxygen has not been obseived m normal fermentation. Theie is 
practically no doubt that oxygen plays an important part m the decomposition of the 
glucose molecule, but that it is oxygen which is a product of the electiolytic decomposition 
of the water necessary to the hydrolysis, durmg which the action is so rhythmic that 
neither oxygen nor hydrogen are liberated, as such As we have seen, hydrogen is 
evolved m a butyric fermentation (p 149), and this nnphes the settmg free of a correspond- 
mg amount of oxygen ; but the immediate result is the formation of products mere highly 
oxidised than alcohols, namely acids. 

Modem science certamly tries to explam the different actions of enzymes by the 
accumulation of 0. atoms at non-contiguous carbon atoms, producing asymmetay or 
otherwise with a given enzyme, and fully thirty years smce Baeyer’s stiU-quoted senes of 
formulae was drawn up to illustrate the h3q?othesis that an accumulation of oxygen at 
certain points of the ^uoose molecule, consequent on alternate separation and addition 
in different order, caused weakness at those points and that there disruption might occur. 
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with a very largo numbor ol lagom the ratio ranged from 100 : 5 * 457 to 100 : 4* 140. 
In tIow of tho formation boing metabolic, an<l not directly f<‘nnentativo, tho (jay* 
Lnssoc equation may still bo takon to express tho formeiitative result. 

In tho proHont chapior, bo it un(I<»rHtoo<l, wo Imvo beini and aro dis- 
cussing Commercial or Industrial Yeast, whioli ibougli nominally oon^istiug 
of tho colls <ii RctccJt. cerminint (tho true alcoholic fiTincnt), nially consists 
of an admixtuTO of yoast-typos, infindctl, however slightly, with a few of 
tho otlior organisms, known as bacteria or hacdlli, an<l classtnl by I’astcur 
under tho name of JermmUt dr. tuahuJir. 

But in any fairly good yeast flaw is an immens<» prcpond(*rane.t' of the 
colls oi Eacch. crravwim, and tmder eoiwlitions favourahlcto its growth it 
will develop so much more rapiilly than tin* iiiuh'sirablc organisms, that 
tho mischief wrought by tho lattiw is much rcstrii'tisl, aiul cxi-cpt when 
alos arc boing brewed for long storage is hardly of ])raetieal sigiuri<*anee. 
Whether there is any “ erowding-out ” of “ wild y<«ists,” with a restruition 
of tho evil inihienee of some of tlimn (for which s<*e n<‘\t eliapter) hy con- 
ditions favouring a vigorous growth of Hnoch. crrei'wUr, is l<‘ss ehsir, hut 
assuredly, if ahsoluit'ly pure yeast could he employisl to e\cil<» h'rmenta- 
tion and all acisess of bacteria preventtsl, there mssl he no limit to tho 
keeping quality of th<» iinxluet. 

But this ideal state of things is impossible with th<‘ ordinary arraiige- 
monts of a brewery plant. The prolongisl (‘xposuuv of wort.s, on tlie 
coolers and in other vessels, giv(‘S am|)le <*hane<» for Hpon^s of haetisaa and 
mildews to fall into th(^ fluid, nn<l tlu'si^ spon^s or germs ar(‘ i-apahle of 
resisting tho heat of tho wort, after it has left 1 li(< eop|)<*i , w lial<‘V(*r it may 
bo, a hoat which would l>e often suflieient to ilestroy the fully d<‘v<'lop<»d 
organisms 

So itisherothattlie<|uestionof souiul mattu’ial and good manipulation 
booomos important ; if the iileal stati* of t.hings alisolutely pun* yi'ast 
and exclusion of baotona could seeunxl, the soundui'ss of (he material 
would be a minor matter ; hut in tho lutiual sf.at.<‘ of <•asual eontamiuation 
unsound malt and hops ten<l to give bacteria th<* upjxM’ hand , w it li badly 
contaminated yeast, no malt, howi'ver souiuI, an<l no manipulation, 
howovor skilful, will sutliee to produce a st^ilile Ixxtr , it is only wh<*u malt 
and hops tif tirst-rato quality are skilfully manipulatc'd, and tbe wort 
produced from them is set to fermi'iit with yi'ast fiix* from visible con- 
tamination, that tho casual liaeterial contaminations, luuix'rous as they 
aro, get so pressed in the background, lliat the iinal prixiuet I'an lx» relied 
upon to withstand the fonsing-tray U‘st, or support the ordcxil of consign- 
ment to tho tropics. 

Undoubtedly the number of aerial spores varies greatly. iToIougod 
rain, as Miquol showed, gri'atly purifu's the air from haett'ria, and so long 
as tlie earth keeps moist thoir number continually diminishes. As tho air 
dries thoir numbor proportionally moroases. The contrary hokls good 
with tho spores of mildews. 

Such boing tho onoinios to whoso attacks hoer-wort lies exposed, an 
important thing to do is to assist, as far as iiossihle, tho survival and pre- 
dominance of what is fittest from tho brewer’s ]>()int of view — viz., tho 
alooholio formout, Saedh. What tho most favourable conditions 

ore wo shall in a short time consider. 

High and Low Yeaai — ()f tho ordinary alcoholic yoost, SaccA. 
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c&r&oisi(B, there axe two distinct vaxieties (without counting sub'Vaxieties 
of wMch two at least, Sacdi. cerevisioi I. and Sacch. c&revtsios IJ., have 
been isolated), viz., high yeast, and low yeast. The )ij£ b yeast (surtaoe or 
top-fenuentaidon yeast) is used to fenuent infusion beers, and is the 
variety known to English brewers ; low yeast is the variety which brewers 
of Lager beer employ in the fermentation of deooction-worts. 

That they are simply deviations from a common stock, started a-rxi 
made stable by thepersistently different conditions xmder which their vital 
activity is exerted [amongst which need only be cited the frequent 
aeration which high yeast undergoes and the very much higher tempera- 
ture at which it works], few will be disposed to doubt, thou^ it is more 
questionable whether either variety could, by suitable treatment, be 
changed into the other in the course of a few fermentations. 

An authority of great weight, Jorgensen, says : “In spite of many 
assertions to the contrary, it has hitherto been impossible to bring about 
an actual conversion of top yeast into bottom yeast, and vice versa; 
according to the investigations of Hansen and Kuhle, it is easily possible 
to produce transitory top fermentation phenomena with a bottom fer- 
mentation yeast ; these, however, quickly disappear with the progressive 
development of the yeast. Therefore, when it is stated that bottom yeast, 
for instance, can be converted into top yeast by contmued cultivation 
at an elevated temperature, we must first assume that the bottom yeast 
employed was impure, and had contained admixed top yeast, which slowly 
developed by cultivation at an elevated temperature at the expense of the 
bottom yeast, until it finally constituted the chief portion of the yeast ” 

It was stated above that at least two varieties of Sacch. cerevisice had 
been isolated. To be strictly correct, according to Jorgensen , there appear 
to be at least three distmct races of bottom-fermentation and the same 
number of races of top-fermentation yeasts, which have been prepared 
in a pure state. Dealing with the latter class only, their characteristics 
are — 

No. 1. Slight attenuation, quick clarification The beer has a sweet 
taste. 

No. 2. Great attenuation, quick clarification. The beer has a more 
pronounced taste. 

No. 3. Slow clarification, but giving normal after -fermentation. 
Flavour more wine-like. The beer resistant to yeast turbidity. 

The importance of the words in itahcs wiU be seen in connection with 
the subject-matter of the next chapter, and with the latest view of “ cask- 
conditioning,” dealt with elsewhere (pp. 319). 

Neither of the above sub-varieties are wild-yeasts, and consequently 
may be expected to co-exist in the very purest specimen of commercial 
yeast ; if t^en the results produced by pure cultures of them in identical 
worts are so markedly different, this may help us to see w'hy the beer 
from one brewery will have a flavour and cadiet quite distinct from that 
produced in ano^er, however much the materials and systems employed 
may be alike, and to attribute the fact to one or the other of the sub- 
varieties having gained the preponderance. 

It may also hdp to explain why a modification of mashing-heats 
designed to bring about a change in the character of the product (say in the 
direction of more or of less attenuation) does not always bring about that 
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change at once witli inatlutinniical (‘.(trtainiy, bt^causo itiaybo, in the 
pitching yeast used, tluv sub-varit*ty, nufa\<niruhlei to tlx' (iesimi altera- 
tion, j)ro])on(lerates. 

It wEl of course bo understood that it is iinpossibh^ to differontiato 
thoso sub-variotios by aid oC the inlcrosco|)(», aiul in many eases even the 
colls of wild-yetuits are oixly distinguishable by the Hansen method of 
analyuis (ascosixore aix<l film formation) to be toueluMl upon in the next 
ohaj)ter- Witli this rosorvation vve will proceed to d<‘s<*nlM» 

Appeaxance o£ the Cells under the Slicroscope. In outward shape 
the cells of the top ferinentiitioix or high ycuist are rallun* larger and more 
globular than thos<' of low yi'ast, but in any microscopic. “■ iichl ” some of 
the cells will appear oval, othei’s round, according as tht‘y ar(‘ observed 
sideways or “ eixd-on.” 

Jnthe very yoiuxg c<»lls, su<-h as may b(» founil in a diH>p of wort takeix 
from atuixiniixcipientfernKMitation, a portionof which is (‘xanun<‘d under 
the nncroHCope, the contents have a clear appearani'o almost bk(‘ waUa* - 
i.e., they coixtaiu cleixr aix<l homoginxeous ]>lasma ; in the more developed 
cells careful ob.stH*vatiou may detect a liniily granulat.cd conibtion of the 
contents, while in the cells winch ar<‘ g<‘rmnuiting tlun’o will Ix^ ilistiixctly 
visible in the protojilasm one larger vacuole, or two (or inoi-c) small<‘r 
oxxos, which appear to consist of ckstr li(|uid isolated in the term of 
drops. 

Thoso aro tho most vigorous cells, which, probably on account of the 
great abundance of nitrogen in tli<'ir protoplasm, arc tiie luviviisst an<l the 
host fitteil to clTeet rejiroductioix. I.<atcr still the inl^Tixal plasma, may 
contract still more, and one abnoimaliy large vaeuole Ix^ discis'ni'd. but 
generally tho eontents of the old cells will lie <laik<‘r aix<l moi<' coarsi'ly 
granulated and without viuaioles They are th<*n (‘uclosisl by a (h tv L vot'd 
membrane, which oeeasioixally is compri'sscd m such a way as to givi* the 
cells an irregular shape | N.B. ~ A slight alti'rat.ion ol tin* tine a(iju.stmcut 
causes those vacuoles to look lighhir or dark(*r than the surrouixibng part 
of tho cell, and tlu^ cell itself than the surrounding iiusliuni according to 
tlxo focal distance | 

Nuclei (in the Cells) and Rejuvenation of Old Cells. Further <><'ll-nuel(u 
aro observable on staining with cerbinx reagents, v <j , osmi<*. t>r pi<*ne 
acids, — and there ai*o sonu^times sph<*rieal bodii'S W’itliin ilu^ vataiok^, 
occasionally moving with some a<*iivity in the eh'ar plasmie Iluid ; this, 
however, wo have must clearly notieiHl in a “ Held ” of A[}jVAH{<‘.rm(t viiu. 
If mature colls, in which the jirotoplasm Jias shrunk towards the cidl-wall 
or membrane, be placed in a feriiMintablo liijuhl, they prosmit, says 
Jorgenson, “ aliighly characteristic picture during ilie short |)eriod whioh 
precedes tho phonomena of fermeixtatioix. I’he granulations disappmr, 
and numerous fino threads of plasma occur in the (Hoar eell-sap anti 
gradually mark out rounded vacuoles ; finally thes(‘ disappear, and tho 
coll is again hllod with a clear homogeneous iilasma.” 

Detection of Old and Effete Cells. — ^^riio host way for those who are not 
as yet very export in observing yeast, if not for all, to oixablo them to 
detect old and oficto colls in a sample of pitching yeast, is to add a littlo 
aniline blue to tlxo water with which tlxo yeast is diluted in preparing it for 
the miorosoopic slido. Tho colouring matter very soon ponotratos into tho 
interior of tho aged colls and stains thorn, but tho young and vigorous ooUs, 
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bemg able to resist it, remain, uncoloured. A Treak solution of iodine has a 
similar e£Eect, the ■worn-out cells being stained brown. 

Resulsniy o£ Size is also a desirable feature, so 'that, other things being 
eq'aal, a yeast in which the cells appear uniform, ■though only of moderate 
size, might be expected to give better fermentation results than one in 
which a portion of the cells are larger and a portion smaller. 

As a rule, high fermenting temperatures, if contmuous, tend to 
determine irregularity of size, and so will cultivation in strong worts, as 
compared with ■those of medimn gravity, when they serve as the fermenta- 
tion medium, the abnormally large cells consisting of over-fed, gorged 
specimens, which are on the pomt of losing their special functions. Hay- 
duck’s researches — ^to be referred to again in the chapter con'taining the 
section on yeast-turbidity — showed pretty conclusively that fermentative 
vigour increases with the amount of nitrogen present up to a certain point, 
after which a loss of assimilative power m respect to the nitrogenous con- 
stituents of the wort rapidly occurred , a discovery which furnishes one 
reason why store-yeast, taken from fermentations of wort whose original 
gravity was only medimn, say 15 to 18 lb., gives bettor results than that 
taken from worts of much greater density, though the latter would, at 
first sight, be expected to show greater fermentative and reproductive 
vigour. 

Pitching Teast Selection from microscopic Examination. — ^In the choice 
of a pitching yeast based on a microscopical exammation, regard should 
also be paid more to the tj’pe and nature of the disease-formmg micro- 
organism than the number present detected There are acid-forming 
bacteria, of which perhaps only a trace may appear m a microscopic 
field, yet they possess nevertheless such a tremendous po'n er for develop- 
ment at the expense of the beer and the prestige of the brewery that 
their presence m yeast camiot be ignored. Durmg the height of 
fermentation the vigour of the primary j-east, which is then at its repro- 
ductive maximum, compels ahen micro-orgamsms to remain inert, but 
when skimmmg point is reached and the beer is cleansed of its j^east the 
bacteria has a clear field for its depradations ■which, if favoured with 
temperatures at this stage of above 68 ’ F. or 70° F , together with the 
advantage of a dimmished volume of CO 3 and the absorption of oxygen, 
may produce mcipient acidity m beer. Apsirt from the regular examina- 
tion of pitching yeast by a practised hand, or rather eye, and the 
rejection of all skims exhibitmg evidence of contamination, the last 
heads should, as an additional precaution, be always discarded Since 
the introduction of weaker beers greater care has to be exercised to 
ensure cleanhness of plant and premises, and while formerly an occasional 
dose of an artificially prepared yeast food was sufficient to mamtain 
yeast vigorous and healthy, now the addition of nutnents have to be 
resorted to in many instances almost with regularity, without which 
addition the yeast would fail to find in present-day wort the necessary 
nutriment for its normal reproduction, weakness would inevitably 
follow and both the beer and the yeast would be at the mercy of the 
disease-forming micro-organisms which are less affected by such con- 
ditions. It falla to the lot of the modem brewer to successfully produce 
an article Ti^ndar difficulties which would have been regarded as insur- 
mouslifthle-hy craftsmen of a former gmeration. 
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Wo say OHO roason liocatiso ro£)lotion of tlio colls is not Uio only omo 
•why yoast tak(sn. front liigh-gmvily •worts lewis to weakness instead of 
stronglh. In such worts tlio fermentation itself loses much of its original 
•vigour as attenuation advawu's, tim yoast heiug, as it w{tro (and as happens 
to other formcnt-organisms), hamp(*ml, if iiot itoisonetl, by its own excre- 
tion-products, notalily the aksohol, and as a eonstttpieuce, only producing 
a relatively dogewimte olTspring. 

Severe Orde£^ which Yeast can survive. Although an altoration iti the 
ooiistitution of a wort, wluoh is relatively very slight, will destroy that 
delicate otxuilibruun of T{i])roductioa and fenuimtation which is wscntial 
for tlio hrowor, yot yoast will retain its vitality undoi- ctinditions, the rigour 
of •whidi wouUl kill liiglu^r organisms iiwlantawsmsly. Aeeordiiig to well- 
known observatioiis liy Mi'lsiuis 

(1) JPormentation mw pro<u*od m molting io<‘, /.<*., at a t<*mporaturc too 
low for grain to gtu’inmaUi in. 

(2) Its vitality is not (lestroyod by a tompiTuturo of - 100" (5 , say, or 
148* Jfahr. below zero. 

(3) Yeast imnu'rsisl in water aiwl (‘noloso.<l in strong vo.ssols can resist 
the jiressuro caused liy the water being frozen, (‘Visi wlien tlie pri'ssuro is 
of tho intensity of 8,000 aimos])berc‘s. 

[If this be so, it is by no means woiwlerful that y<*ast can resist the 
pressure applied by an ordinary yeast pr<‘ss, without any rupture of its 
elastic coll- walls.) 

J<\xrther, it is stated, that yeast, when eareftilly dried, will withstand 
heating u]) to 212" Fahr., although a mueh lower t(Muperatur<‘ will destioy 
tlio activity of ordinary moist y<‘a.st 

Its Linutations. - On tiiu olias’ hand, all aleoholie feniK'iitatioii, even 
tlic feeblest, is stop|>ed wiientiie t<’inp4s*aturu is maintaiiusi ioi some tune 
at 120° Falir. , iwleed the ma\iinum t(Mnp<‘ral ur(> for gi'iiiiiiK* alcoholic 
formoiitation may be looked upon as about 02" Kabr 

Similarly, fermeutati*>ii only reaches a point siiort of tlu‘. normal, iii a 
closed vessel ; and whisx tlu* pn'ssiire of tho (wolved carbome aeid (“xctssls 
25 atino.sj)heres, the yi'ast jk'I'imIk's. 

Analysis of High Yeast. — (kuxcordant analyses of yxMst an^ hardly to be 
expected. The following are gxvi'ii by 'riiausing, as tlu‘ n^sults (h‘t(Wimned 
from high yoast, apart from its ash. 


Carbon 

Ouiii'i. 

. 50 0 

47*0 

1 Mtililci 

50*80 

\\ AftlK'l 

45*5 

Hydrogen 

. 7-3 


7*1« 

fl 2 

Nitrogen 

. 15*0 

10*0 

11*08 

0*4 

Oxygon (and 8uli>hur) . 

. 27- 1 

;t«*4 

: m )*«8 

38 •« 


100*0 

100*0 

100*02 

100*0 


Tho sulphur according to Mitscheriich being ■(>%, 

The Nitrogen is of course in various Combination. — Von Nagoli mado 
the protoids (separable into (i) those in tho form of ordinary albumen, and 
(li) those in •the form of pliospbatod compounds, analogous ■to casein,) 36 
and 9 rospoctivoly, and peptones (procipitable by leiul acetate), 2%, or 
47 % in all, which, taking •tho usual divisor of 6*37, gives a lower percentage 
of nitrogen than any of tho high-yeast analyses show. 

The Ash (representing the BQ^eral Constituents) varios from 2*5% 
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(Sohlossberger) to 8' 9% or more. It is supposed that Schlossberger’s low 
peieentage was due to his having expeiimeated with freely washed yeast, 
which had accordingly parted with an appreciable quantity of its mineral 
constituents. And the mineral constituents, or ash, may be tahen upon 
the average to be made up as follows : — 

60 to 69% of phosphoric acid, 29 to 39% of potash, 4% of magnesia, 
and 2% of lime. 

Consequently we see the necessity of mineial constiiaents, chiefly 
phosphoric acid and potash, in any medium intended to nourish or be 
fermented by yeast. And hence, as well as owing to the absence of nitro- 
genous food, yeast cannot carry on a prolonged fermentation in a pure 
solution of sugar. 

IFor a short time fermentation — ^given a suitable temperature — can 
progress, the adult yeast giving up some of its own nitrogenous matter to 
supply the young cells, but t h i s is a process of impovenshment which can 
be only temporary. The overlooku^ of this has probably been the cause 
of apparently contradictory experimental results. 

Of each of the two groups (mineral matter and mtrogenous food) fairly 
prepared malt wort contains more than a sufficiency, but the replacement 
of a large proportion of the malt-extract by sacchanne substitutes — and 
the more so perhaps, the purer the latter are — ^tends to reduce them below 
the quantity desirable. In such a case, accordingly, the desirability of the 
utmost possible “ peptonisation ” of the existing nitrogenous matter, m 
order to make it available for yeast nutrition, is obvious. 

Some brewers, where the wort shows a deficiency in those constituents, 
advocate continuous rousmg as a stimulant to the yeast, but this is a 
treatment which outs both ways.* Indubitably both the resultant 
aeration and the ehmination of some carbonic acid are measures calculated 
to give a decided fillip to the yeast, but in reahty one stimulatii^ its 
propagative rather than its fermentative faculty 

In the majority of cases the course indicated is to use a larger imtial 
proportion of pitchmg yeast when the medium is likely to be below the 
proper nutritive value — i e , to depend for the due attenuation rather upon 
the mature cells of the pitching yeast than upon the cells which they may 
give birth to If such a course be adopted without excessive aeration the 
yeast will assert its presence rather in the fermentative than the propa- 
gative sense. 

Effect of extreme Aeration. — ^This was mvestigated m connection with 
M. Pasteur’s dicta upon Aerobic and Anaerobic ferments, i.e., ferments 
which require air in order to perform their function and those which only 
act as a ferment when air is excluded, and as far as the writers know, the 
conclusions come to by Pasteur and his school have not in one respect 
been controverted, namely, in regard to the influence exercised by the 
oxygen upon the increased crop of yeast on the one hand, and the 
decrease of alcohol, etc., on the other. 

* In one large brewery withm our knowledge the early “ heads ” are systematically 
knocked m every honr or two, often enough, at any rate, to prevent the necessity of board- 
ing np the tons. Another has a costly apparatus of shafting and permanent rouseis. Dr. 
Graham, too, a good many years ago, designed an apparatus for pumping in filtered air. 
and combining aeration and rousing. Se claimed that by its use very strong bess 
intended fox vatting, which in the usual way would not attenuate below say 8 or 9 lbs„ 
could, if desired, be attenuated.to a thhrd of that. 
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Iliese condusioiui may be formulated thus. YiumI, tliough it mii cxut 
and act aH a formont witixmt air (tl«*riviug its nctsossary oxygen from the 
sugar which it breaks up), docs not like to do so; au<l it is, in fact, less able to 
support the absence of fretj oxygtui, or inon^ cornastly atniosplieric oxygen, 
than niairy disease orgauisnw art* '(•-.g., tlu< butyrits ft^rnund., which was 
once suppostid to be quite anuerobiti. Thereforts though yeast is capable 
of fermenting sugar in the alweneeof air, such fermentation g<K*s on witli 
dangerous slowness, but in one st'nse very profitably, stn-ing that only 1 % of 
the sugar is abstmclt'd for th<» nt'eessities of th<‘ growiiig ferment, the other 
99% being availaiile for the jiniduetion of aleohol, earlamie acid, etc. 

But if, on the other hand, th(< o|K‘nitiou were to he conducU'd with thin 
layers of wort and in sueh vt^ry sitallow V(>hs<*1h t hat any gas evolvc<l, which 
miglit otliorwiso prevotit ilui rejuliest ju'cess of air, t*asily passes off, tlien 
not only will yeast, amounting in weight to some of the sugar and 
probably representing that w<ught of it, l»e formed (instead of a weight 
approximating to 1%), but the remaining 7r>*J,’,, or thenNiiiouts, of tlie 
sugar will bo burnt up by the atmospheric oxygen an<l resolveil into wat(*r 
and carbonic anhydrule ((Xlg), giving almost al)solut<*ly no aUiohol at all.* 

This being so, wo may doubt tlie wisdom of excessive and indis- 
criminate aeration of worts after the fenmuitation is well (‘staitlisheil. 
More yeast will bo clearly produced, but it will lx* at tlie expense of tlie 
matters which were intended to yi<‘ld exhilarating and palatable products 

Those facts have their aiuilogues amongst plants moii* highly organised 
To name one instance only, beetroot, which is capable (after being lifted 
from tlic grouiul aiul giv<‘n free* a<*eesH of atmospheric oxygen) of forming 
fresh leaves, % e., fresli cells at tin* expi'iisi* ol tlie sugar storixl up in its root 
tissues, will, on the other haiul, says Duelaux, ))ro<luce alcoiiol from the 
same store if placed in earlionic acid gas so tliat air is excluded 

Alcohol percentage. - Highest Allowable Density of Saccharine Wort. — 
Probably m no case can any yeast, liowevor pure or vigorous, raise the 
proportion of aleohol licyoiwl 14 to 1*')%, nor is fiTincnbvtion liki»ly to 
jirogross in a solution containing more tlinii 20‘)o liy weiglit of ftTiiumlulilo 
matter (water 4 * sugar l)--say in a gravity of over .'ll lircwc'rs’ lb. — 
perhaps owing to the reason nssigtuxl hy I!(*lmholt/, vi/., tliat in solutions 
of greater density the excess oi alcohol formed, by pn^mpibitiug nitro- 
genous matter hindered the fermentative vigour of tlic y(‘ast, Imt quite as 
probably to the fact that the alcohol and carbonic acid i>roduccd luit as 
specific poisons Moroover, in solutions of grc'at eonc(*ntrat.iou tlie excess 
of sugar tends to iliminisli tlie amount of water within the yeast cell to a 
point below that essential for its vitality. 

Heat generated during Fermentation. -I'lio reader knows that fer- 
mentation is always mai'ko<l by a rise in tcm|»(‘rature, whieli is fairly close 
toarise of 1® Fahr. for each brewors’ lb. of gravity disapp(*aring from the 
ken of the saocharomolor. What is tlie source of Uiis heat ? 

* This hypothetical case of the unproiit able com bust ion of all t he saccharine mattw is, 
of C01U8C, an oxtremo one, unless as rc^gards a very small proportion of iho eonstituents 
of any givon wort ; but it may indicate an explanation of the unpUmsant exporienco of 
most exporters of boor-~ viz., that oceoHionally the HampU*s toktm at the shipment ]|^ort are 
affirmed to show, on analysis at Somerset House, a gravity lower than that which was 
deolarod for drawback. 1 1 Is of course annoying for the shipper, who knows he was charged 
upon tho higher scale, to bo mulcted perhaps in two or thrive degrees, but his first impulse 
to oondemn the analyst of inaoouraoy is probably unjust. 
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W© kiiow that in chamical decompositions and combinations generally 
heat is evolved, and a Glerman scientist, Fits, explains the greater part of 
the heat which becomes free in fermentation to be due to the difference of 
expansive force between the sugar on the one hand and the bodies into 
which it is broken up on the other. Some refer it to a combustion 
process, and make it dependent on the amount of carbon oxidised into 
carbon dioxide. Further, Thausing says, no inconsiderable amount of 
heat — ^nearly one-fourth of the whole — ^is set free by the mixture of the 
alcohol formed with water.* But on the other hand, part of the warmth 
set free is absorbed by the multiplication of the yeast-cells and part is 
translated into work, whereby the resulting carbonic acid gas is enabled to 
overcome the pressure of the atmosphere. 

But the heat actually generated in a normal fermentation is estimated 
at only one-tenth part of that which the combustion of the sugar, with free 
access of air, would yield (Bertholet says one-fifteenth part only), and this 
limitation is explained, on a simple combustion theory, first, by the fact 
that only one-third of the total carbon is consumed instead of the whole, 
and secondly, because the alcohol, which is formed in the case where air is 
excluded, is itself combustible, through the agency of certain ferment- 
organisms other than yeast, and therefore — ^until these other organisms 
come into play — ^that it locks up a not inconsiderable amount of heat. 

Concdirent Action of Acetic and Lactic Ferments. — ^In pre-scientific 
times brewers used to find it gravely stated in their text-books that 
acetous fermentation began at a certam temperature — 11° if we remember 
rightly, neither more nor less There is, however, reason to suppose that 
no definitely fatal temperature exists, but that the action of the acetic as 
well as of the lactic ferment is generally to some extent concurrent The 
formation of acetic ether (ethyl acetate), which contributes to the pungent 
smell of tuns in strong fermentation, not only points to some activity of an 
acetic ferment, but, as has been said, supports Nageli's view that the 
fermentative influence is exercised outside the cell, but within zones of 
molecular vibration 

It IS true that the formation of acetic acid chemically by oxidation of 
alcohol is a possibility (though in a laboratory only effected when platinum 
black is added), and it is perhaps conceivable that such acetic acid, at the 
moment of its formation, might penetrate the cell-membrane of the 
nearest yeast-cell (yeast is not averse to moderate acidity, indeed is 
stimulated by it), and there combine with its equivalent of nascent alcohol 
to form acetic ether. 

We believe the range of fermentative power to be fairly covered by the 
following table . — 

Action Masamum Action 
Bej^ins Activity Destroyed 

Yeast ... aUttleover 32®F. 92® P 122® P. f Vitality de- 

Acetic Perment . 54® P. 97® P. 122° P. \ stroyed as well. 

( But vitality 
can support a 
much higher 
temp. 

* It IS well known that on mixing absolute alcohol with water a very considerable 
nse of temperature occurs, though the combined q^uantity shrinks below those of its com- 
ponent parts. This may account, too, for part of the loss of bulk which occurs between 
that of the gathered wort and that of the racked beer. 
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Jb’oriuiwitoly, howovor, the lac.iio fenMcui d<»v«*l<>|>s with clilliculiy iutho 
jwcMonoo c>r even 1% hw?iui mud, while 2% killM it ; youHt, on th<» tither 
haivl, profvTH a do^itju of msidity apprtiacimijj; 1%. 

Growth o£ Uoalds. If a mixture of y(‘aKt, l)u(d>(n*ia, aud mouidH were 
ti> bo iutrodiiwd (arul they aUvayw aw^ iutrod»<*e<l, thouj?li the former 
onormouMly proponderat.es) in anything' like* oven ejuantity into 
(a) A neutral wort. Baet<‘ria wouhl ^ain the upper hand. 

(fd) Wort with 1% aeiel. Y(‘ast would gain the upi)(*r han<l 
(y) Wort with 15% oi’ganies aeuis. Moul<lin<*ss would gam tho upper 
hand. 


(1)K. »S<iuntK ) 

Other Feimentation Phenomena. Attenuation. At first sight it might 
he su[)posed th.it the lowering of gravity indieateil by the saeeharo meter 
as any fermmitation proe<‘(‘ds, a ould show tlu* uet.ual amount of saiu'harine 
matter converted into aleohol, earhona* acid, «*t<!., | tlu* I % of sugar and 
albuminous matter abstracted for the food of tlio growing yeast })laut. 
But tins is not so. 

The a]>])ai'ent degradation of solitl matt(*r is greater than the real one, 
owing to tile faC/t that thc! gr<‘at s|K)eifi(! lightiw*ss of the alcohol formoil 
(displmting an wpial (piantity ot lu'avier wat<*r) masks a c<*rtain amount f>f 
unaltered matter, l^ct us assuim* a eas<» 

A boor whose liiuil atti'uuatiou 1,()10‘2 (say r> H lb ), might, if a 
measured quaniity were distilleil ami th<* distiilati* aiwl r(*sidu<i th<*n made 
up to the origiiuil bulk mthe way described on p. 11)3, have a residue (i e., 
when all tlu* alcohol was away) 1,021 7ai«l ailistillateof 1)01 I (-- 10'1)% 
of proof Kjiirit, or over .5 3% of absolute ah'ohol * 

Obviously, then, the alcoliol pn*.s<*nt hul S .5 d(‘gre<*s of specilie gravity, 
ora peroentagi* of solid extractive matter wbicli may be got iipproximately 
by dividing tlie exei'ss of ilegrees over 1 ,000 (v iz , 2-1 7 a ud S .'i iH*sp<*eti vely) 
by 3’05. |3'8.") is sometimes n'cemmendi'd, but 3 0.5 is eonsuleied the 

more correct divisor for stareh translormation prodm-ts in solutions of low 


density J 


Then 


21-7 
3 Of) 


0 2r)",', of solui c.vlraet ami 


KT> 
3 0.^1 


2 I.*! of thc 


same covered t>r ]iidd{*n by tho aleolud jin*s(*nl 

Nor is the akuiliol, tliougli by far t.lie most intlu<*utial, tlu* only factor 
m what we call att(*nuation. (’/aranu*li.s<*d sugar hoilies are formed, having 
only the gravity 5 ■ 0 eom|)nred with tlmt of tlie maltose whieh yieldwl 
them. TJicy are, however, not produced Ix'yoiwl tlie limit of r>%, and 
generally loss than that of tho tobil sugar, hut remain in the residms aiul 
thus alTcct final gravity. (Jlyeerine aiwl succinic, acid also Iiave a lighter 
specific gravity tlian tho sugar whush yield<*<l tlu*m, and the farther fer* 
mentation is im-slu*!!, the higlior will lui the proportion of these hy-pro<luots 
at tho expense of tlie alcoliol. 

Proteins are, moreover, olhninatixl to the extent of at least one diigreo 
of gravity. 


• Tho spirit indication S-B (1,000 — i)l)l*4) shows 37 degrees o£ gravity lost; 37 + 
1,024*7 Bs 1,061 '7 (>^ 22*2 Iirmvers* lb.). that this 1 k*(!t attenuated to nearly an 
(apparent) fourth, has nearly i% proof spirit per llx of original gravity, and seeing that 
proof spirit contains 46*24% absolute aleohol 6;/ wif/ht (or at loast alcohol containing 
not more than 1% water), thoro will be nearly half the quantity of absolute alcohol that 
there is of proof spirit. Although the example hero given applies to what is now termed a 
heavy beer, tho argument is equally applicable to light ales. 
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lattOT considerations can hardly he takea account of ; they are at 
most m^tally averaged by the practical operator. Olie hiding effect of 
alcohol IS more important, but only requires to be stated for its signifi- 
cance to be grasped. 

Perhaps a more important point is the influence exerted by hops in 
prOT^^ ttie loss of gravity in a wort. hTettleton (p. 22 of his verv 
detailed Original Gravity ”) says : “ It appears that hops tend to 
prevent the loss of gravity in a wort, althofugh the same amount of alcohol 
may be^oduced. ^ To do this, some compensating action must be going 
on^ tlm wort during fermentation, say by the building up of some heavier 
body ; by the prevention of the formation of some lighter body, which 
would, if hops were absent, be formed, and consequently give ligbfTiftaa to 
the beer ; or the action of hops in retarding the loss of gravity may be by 
them preventing the precipitation of some otherwise insoluble body. 

The mixing together of pale and brown malts to form a wort has a 
similar effect to that of hops, in partially preventing the loss of gravity,” 
[This action is distinct from and more recondite than that exerted by 
hop-extract, derived from heavy hopping, and especially from the intro- 
duction of a large proportion of new hops, upon the rate extent of 
fermentation. In this latter case it seems probable that the resmous 
oily matter of the hop either coats the membranes of the yeast-ceUs, 
renderi^ them less permeable, or makes the wort too viscous for the easy 
separation of the maltose 

Whatever the explanation may be, the fact is within the experience of 
most brewers that heavy hopping — ^and the rule applies in some measure 
to the use of new hops also — ^retards the fermentation and tends to check 
attenuation. The course indicated, then, is naturally the emplojunent of 
a larger quantity of pitchmg-yeast] 

Influence of Cane-sugar on Attenuation. — Some brewers, though not 
many m this country, use uninverted sugar in quantity, and the author of 
" Original Gravity ” points out an interesting fact in connection therewith 
VIZ , that if it were practicable to prepare a wort entirely from cane- 
sugar, it would be found two or tliree hours after the wort had been 
pitched, that the gravity had become higher, instead of lower, ow mg to the 
change of cane-sugar into invert-sugar [CijHaaOn H.^0 = 2 (CeHi.20e) 
— i e , 19 parts, or say lb. into 20 parts or lb], and he says that a cane- 
sugar wort might even rise from 1,055 to 1,058 under these circumstances.* 
Or to put it in another form. Suppose a wort contaimng 7 5% of cane- 
sugar — i e , 3 158% of carbon with a gravity of 1,030-2 This, by mversion, 
will rise to 1,031*3 — i e , there would be an mcrease of 1 1 degree of gravity, 
albeit the same quantity of carbon would be present 

Now, as the quantity of alcohol producible depends on the amount of 
carbon, it is evident if the carbon of these sugars were all fermented equally 
that an invert-sugar wort of 1,031-3 would lose a full degree of its original 
gravity more and yet produce no more alcohol than a cane-sugar wort of 
.1,030*2, and this holds good throughout for any invert-sugar wort as 

♦ 1,066 degrees = 19-8 brewers’ lbs. If 15 *8 lb cane-sugar dissolved and made up 
to a barrel gives a gravity of 6 • 12 (v p 112), 61*10 lb., disregarding a contraction that 
occurs with concentration, will give 19*8 lb., and, on inversion, would become 63*78 
lb. of invert Thus : — 

34:2 {ffotn . 360 {ftoin S^O) « 100 : 105*26. 
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ooinpaml with a oauo-sugar wtut of equal gravity, <^xcc‘pt that tho higher 
tho gravity, tho more tho divergency increasoH. 

'’Hio lirHt i>tvragrai)h <1ooh not imply, um a friendly critic imagiiwal, that 
“ matter iw made out of nothing,” for if 100 lb. of eano-Hugar yield on 
iuvoreion lOft-SO lb. of invert, it is by chemical combination with tlm 
oloinonts of water obviously abstMctiHi from the diluent fluid. The watm' 
inoloouloH arc not only addwl to the em//7 side, but withdrawn from the 
dvbU, tho diluent. Increase of gravity on inve>i*Hion may not be ohserv<‘d 
with mod<»rato concentnition, bwause f<‘rm<*ntution shirts almost simul- 
tanoously and masks tho increase ; but a solution of 1 , lOO, s<‘t to ftTimmt 
with a moderate <iuantity of yeast, may show 1,103 or 1,10-1 <‘veu 12 bom's 
lator. 


“The Head.”— “ Foxy ’* Smell. It was hinted in the opening 
chapter- whore formontation from its j)racti<*al sule was ratluu* mon* fully 
tnwtod than other (qierativo proees.s(w -that pieturesqui' mimes are not. 


w'anting for the different appearane<‘s of thi* ” heails ” , thus “ loek,” 
“ bold rock,” “ cauliflower,” " curl,” ” fair silvery head,” and so on are all 


descriptive terms, and a grt'at <leal may be gatheu-ed from a elosi* <d>s(>rva- 
tion of those hea<ls and from the smell coming ov(‘r with th<> <*arbonio 


acid gas. 

Por instance, a faint and rather ” foxy ” smell may at soim* tuno or 


other bo noticed, and this, if allowtsl to gid. roun<l all t lu' f<'nn(*ntations, 
would be a very serious matti'r, for the eontaminati'd yi'ast carru's on the 
taint. Tho elimination of thi‘ contaimmited yi'asl is an obvious pn*- 
oaution, but no time should be lost in treating th<‘ wooilen vi'sstds (the 


writer believes the cause of infection to he in tin* wikkIcu \<*s.selH, cspi'cially 
tho fermenting vcssids) with bisulphite. 

A periodic dressing of the fi'niHuiting tuns, or w‘h<‘rc\er f.lu'v <-hauc(- to 
bo empty for a day or two, with eah’ic monosidpbdi' applied iti the form 
of thin whitewash and left on until the tuns are eh'aiusl for use, will 


pr(went tho recummee ot this faint smell. Mouosidphtt<‘ is mueli l<»s.s 
disagreeable to apply tlian bisulphib' 

Rise and xWl of the Head. In a normal fermentation, tlu' lie.ul, 


soon after tlie ” rocks,” or irregular, pomtisl niiiHses of yeasty froth, have 
” come through ” and eoveml the entuv surfaei', b(*gins to riw‘ (of eours<‘, 


in a degree varying w’ith the <i<‘pth of the F. , <*t.c.), th<* individual roi'ks 
meantime rising up with the pnwsure of iiarbonu* aei<l gas ix'iuuith, until 
they curl and linally topple over , aiwl this rise of llu' vvlioh* IknkI <um. 
tiiuu's up to a certain point, say till the tiunperature has risen .7' or tP’, 
more or less, when, it again subsides gradually, changing from the frothy 
” fobby ” head into a yeasty one, afhw w'liieh stage, unl<‘ss tlu* sai<l lieail 
bo removed by skimming or otherwise dealt w'ith wlien ripe for it, it will 
again begin to riso. 

What are the Causes of these Phenomena P- -Probably, that in tho 
first stage, when coU-multiplication goes on more freely than fermentative 
action, tho carbonic acid gas which is generated pushes up some of the 
newly-formed cells, wherever resistance is least, finally forcing upwaril 
and raising tho homl as a whole, and continuing to <lo so until siudi. time 
as the generated gas can got away more easily, on account of tlio origiuial 
density of the wort having been considerably reduced, or when fermonta* 
tion rather than propagation having become predominant, there is not 



FERMENTATION WITH COMMERCIAL YEAST 311 


tbat rapid formatioii of new cells of light specific gravity which at first 
occurred [It will be observed that, other things being equal, the greater 
the original density of the wort the longer will the first rising of the head 
last.] 

F in a ll y, when fermentative action slackens, the yeast agglomerates at 
tile surface (possibly its activity enabled it before to resist the upward 
impulse of the carbonic acid gas ; and this will seem more likely if we 
accept Nageli’s theory), and presenting more of an obstacle than before to 
the passage of the gas, still being generated, is accordingly carried up- 
wards. That this is so, viz., that the gas, hampered in its passage up- 
wards, is the determining factor, is rendered the more tenable by the fact 
that the yeasty head begms, if left untouched, to sink again as the gas 
gradually disengages itself. 

Poverty of the Yeast Outcrop, (a) Sln^^ Fermentation. — ^The normal 
crop of yeast formerly amounted to five or six times the quantity of 
pitching-yeast, but with the lighter post-war beers yeast reproduction is 
correspondingly lower, but if it faUs much below the normal amount 
obtained it should set the brewer inquiring where the screw is loose. 
Primarily, the scanty development of yeast is due to the formation of 
protoplasm not keeping pace with cell-formation, or in other words to a 
want of balance in the wort constituents 

Probably the proteins, though not deficient in point of quantity, are 
so in respect of the guabty of diffusibihty , that is to say, the yeast cannot 
assimilate enough of them to correspond with its normal degree of growth 
whilst degrading the free maltose. The latter, relatively speaking, will 
not be very high {excess of maltose as a factor in poverty of outcrop, will 
be touched upon in the coming paragraph on “ fiery ” fermentations), but 
the compound bodies, known as malto-dextnns, and those too of high type, 
and therefore utterly beyond the power of the primary yeast to break up, 
will probably show an unduly high percentage in the wort -extract. The 
superabundance indeed of high-tjqie malto-dextnns would alone be 
sufiicient to account for a much-reduced yeast-crop, even if there were 
not reason to suppose that restricted peptonisation is concurrent. 

This degeneration of the ferment is generally attended by more than 
the usual discoloration of the head, and that too persisting to a lower point 
of attenuation than usual, so that the clean yeasty head is a long time in 
coming For this discoloration the pas.sing of the hop-resm out of solu- 
tion, as its solvent maltose gets broken up, is partly responsible, as in other 
cases , but it is very probably also due to the action of oxygen upon the 
relatively large number of weakened cells, which are exposed to it for a 
longer time ihan usual — an action which occurs, more or less, when any 
yeast is exposed for some time to the air, and which may be a sort of 
combustion-process, exercised by its most energetic element upon the 
tissues of the older and weaker cells of the outer layer 

In such a case the remedy indicated seems to be (apart from the more 
thorou^going one of reforming the mashing system), ** dressing witli 
prepared Wait Extract Symp (i e., mixing some with a little wort, and 
rousing into the tun). The reason of this is that the new diastase intro- 
duced is capable of setting to work very energetically in degrading the 
malto-dextrins into free maltose — i.e., from an obdurate to a readily 
fermentable constituent, while peptonisation is probably effected to some 
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oxtcait Humiltaiw^ously. ( la tlio typo of <It‘KOTior»tioa comnMuwMiifr with a 
“ fiery ” forineiitatioa otlu*r mot J hxIh WK'm j)rc‘f<‘r« hie*, for «‘}iHoas h<*roaftor 
giv(‘a.l 

JSfor nniHt wo overlook Iho possible iallm'aee upon shiggisliu<*ss c)f fer- 
mentation, of nitrites in the brewing water, ns set foHh by M. Kniilo 
Laurent. In a s<‘ries of I'xperimentnl f(‘nneutations ho use<l a partly 
iinifonn me<Uum (1,000 grammes water, fiO gramm<‘s sac<‘l>aros«*, •7.'» 
grammes jiotassiiim pbosplmte, - I gramme magnesium sulphab*), and of 
this ho si't a <'h(s*k-i!ask, impr('gnal<*<l with a trace of high yi'ast., to 
ferment. To liv<» other llasks h<‘ a<kl<*d various salts, <‘aeii, howiwer, 
mtp%ihjivg mlnHjvn iti the •j)r<yj>a 7 1 ion. f>f I grointnr. {'Phest* salts w<*ro 
Kwpotftivoly sulpliab* of ammonia*! 71 grammes, phosphate of ammonia 
4'7l, nitrate of ])otassium 7*22, nitrate of .sodium ()*07, and vifnlv. of 
potassium (j'07.*) 'riiesi* W(‘re also “ .s(‘t ” w ith a trace of high y<‘ast. 

Tlio I’osuHs were intere.sting. TJio suI|)hat<‘of ammonia llask took the 
lead, but tlio one eontaming ammonia phosphali* showed tlu* lMrg«*.st crop 
ultimately (*174 gramme: *110 grainna*) 'I’ho nitrai<» llasks yielded 
hardly moi'o than the eln‘ck llask, wliih* the nitrite flask ya‘ld<‘<l vtl. 

Prepared Yeast Foods or Nutrients. Potassium phosphate and ammo- 
nium carbonate an* lioth r(*<*ognis<‘<l as y(*ast foods 'I’o overcome the 
diminution of protein bodies an<l salts in light la*erN (which will t<*nd to 
weaken tuid degen(*raie the y(‘a.‘«t), an a<ldition of mineral iiutn<*nlH, siieh 
as ammonium earhonato, ammonium phosphati* or .sodium ami i>otassium 
]>hos]ihatc is advisable The ipiaiitities ad\ is<*d an* t o'/.s of ammonium 
carbonate and 0 0 /.H. <ir iiobussitim phosphafi* disso]\(‘d in a. small cpiautiiy 
of W'ater, or pi'of(‘rably this ad<le<l t.o ev<‘ry gallons or .'ll) Ihs of y<*a..st 
at tlie time of brewing. 

The main con.stitu<>nts of yeast -asb an* pliosiiliati's ot liiiu*, magnesia 
and potash, and yeast its<*lf was formerly lavoun'd as a y(*ast imtri(‘nt 
The yeast was onleim'il and tIi(‘M dissolvi'd iii a sui|>hurous a<*id solution, 
thus furnishing at l<*ast a yeast food which certainly poss(*.sscd the* 
advantage of being incxjiensive Kimt niash-tuii runnings b<*mg con- 
centrated malt wort, eontaining ail the* es.sential iiiiii(*rai and organie 
oloments of yeast, serves ailniirably as a. stimulant wh<*ii mix(*<l with 
yeast and the whole permitted t<i remain for a turn* prior to pit<‘hing 
^creasing Body and Head ” Producing Capacity. 'I'ln* addition of 
yeast in judicious proportions to tho boiling wort proilm-cs tlu* above 
results. Tho amount of ordinary Ihjiihl yeast m*<*<*sHary for this purpose 
without affecting flavour is from 15 to 2() Ihs. for (5(f bris. wort., the yeast 
being preferably waslied with a Jitthi gypsum watiT and p(>rmitt<«l to 
settle ovomiglit. This was a common praet ice in the lTnil(*d >Statt*H in 
the pro-pi ohibition days among jniblic hrew*(‘rH. 

Although Laurent suggests that tho nitrate *s ar(» r<‘du<*il)Io t.o nitrites hy 
yeast— in fact, provoil it hy showing that tho liipilii originally eontaining 
tlio former subsequently answisred to the test for tho latter he (Lies not 
tliink that tho former do muelx liami in actual fernieniation, hut that 

* Tho nitrogon yielded is arrived at an folIowB ; adding uji tlu* aionuc weighla, and 
taking tho Sodium Ifitrate NaNO., and Potaasium Nitrate KNO^ as examnles, wo find 
tho first « (23 ■+■ 14 -h 48) - a 85, tho Riwiond « - (33 *1 -j- 14 -1* 32) K5*l, or praoticaliy 

86. Dividing this hy 14 (atomic weight of nitrogen) we get 0 *07, tlic quantity required 
to yield 1 part of nitrogen. 
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Wtrites, marly ahaays co-existing, do the harm. Even these would he 
iJ^oouous m a neutral wort, for it is the nitcous add set free by the acidity 
of the medium which does the mischief ; but under normal condition 
yea^ secretes acid products enou^ (in conjunction with the nni-mal 

acidity of the wort and possible products of lactic ferment) to set nitrous 
acid free. ' 

Fr<^ these conclusions it appears that brewers troubled with persistent 
sluggishness of fermentation, combined with scanty yeast outcrop, would 
do well to look closely into the character of their water-supply, even before 
making mastic changes in their mashing system, 

iP) Mery Fermentations.— In these, althou^ they also determine 
poverty of yeast-crop, the want of balance is generally in the opposite 
directmn. Excess of free maltose, inducing such a rampant fermentation 
that the whole fermenting vessel appears to be in a boil with the con- 
tinuous rush of gas to the surface, is one factor ; another is an unusually 
low percentage of assimilable nitrogenous food, caused probably by unduly 
high mashing heats, which for some reason or other have not the 
marked influence, at least to the usual extent, in raising the quantity and 
tsrpe of malto-dextrin. 

The mdication of the former cause has been given a few linas back ; the 
latter will be rather manifested by the formation of bubbles, sometimes of 
co^iderable size, and full of gas, which finally burst on the surface. In 
neither case is any yeast formed imless it be at a somewhat late stage, 
when, for instance, in the first case the excess of maltose has been fer- 
mented away, and so the balance is restored, or when in either case the beer 
is cleansed,”* when the effect probably of working under pressure 
causes a certain amount of yeast to be ejected But the yeast from such 
fermentations can never be recommended for pitching purposes, albeit the 
beer from the second class of fiery fermentations, the one characterised by 
” bladdery heads,” frequently is excellent, being " round,” full, and 
limpid, and, maybe, superior to the average product of the brewery. 

As this case is somewhat exceptional, involving the employment of 
extremely diastatic malt, seeing that with ordinary malt the high lYiaiahirtg 
temperature which limits the assimilable nitrogenous matter also increases 
the high-type malto-dextrm to an extent mcompatible with earty con- 
ditioning,” we shall limit our consideration of “ fiery ” fermentation to the 
first case, an altogether undesirable state of things, seeing that the 
resulting beer will be thin, and poor, and often grey ” 

In the present case it would be obviously incorrect to add a Diastatic 
Malt Syrup, seeing that conversion has already been pushed to tm extreme. 
Therefore, under such circumstances, the enzymes present in the malt 
extract should be destroyed by boiling, after which the solution should be 
cooled and added to the fermenting wort. By this means the deficiency 
in organic yeast nutrients is made good, and the lack of balance in the wort 
constituents is in some measure restored. We must further suppose that 
the resulting benefit comes from the increased viscosity of the wort, and 
perhaps from its mechanically assisting the yeast to conglomerate. 

It has also been suggested that the fresh atmosphenc air introduced 
with the whisked-up mixture acts as a stimulus to the yeast ; but this in 


• See Introductoiy Chapter. 
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H!ioh a caHO an wo arc now c.oasulorin/j;, whon^ tlu» JU’-tivity in already loo 
grt'at, would i>o a (juentionahlo iM'uelit. 

The pKedisposinj? Causes o£ Fiery Fermentations. ( )f of ooumo 
orrora iutho nninhum Hyntoin ntaiwl fii'ni, and anuuulimuit may be t-ried in 
tho dirwjtion of limilinfi ih<‘ amount, of nmshiiigluiuor, <jrof r.uninp: it« heat 
(tentaiiv<’ly l>y a de^nu* or t wo at a t inu*)* <>•* l>y holli combined. Again, 
an to uiiderlol, a nmall <juaniily of Ii<iuor so upplie*! at. a high UunjK'raiuro 
ishjHS lavourablti to fiis'-maliose formation tlum, aiul shouI<l <'onse<pieutly 
bo employed in pndc'wmoe to, a larger quantity at lower temperature*, but 
ooutaiiiing the sanu* munb<>r of units of h<*at as the former. 'I’Ih* sahl 
uttdorlot, if used, shouhl bo put luulor as eairly as po.ssibI(‘, and the “ s1.and ’’ 
afUir mashing might bo somewhat shorteiysl 

Other pre^sposing causes are slaekut'ss and probably acidity of malt. 
(SlockneesH apparently great ly (Mihanee's diastasie aet.ivit.y ) 'I’lue usei of old 
or of an insullieiemey of luqis, the oil and resin ot which se'om to promote 
tho oohosion of the formont ; the use e>t stale* anel impure* y<*ast, and 
l^rhaps, te> a limite*el e.\te‘ut, barome'tru' variations 

Tho folleiwing Table of yeast-cell increase, etc., during the course of 
fermentation, basoel em Mr Adrian •! Breiwn’s e*\pe'rime*nts, will bei 
iutorosting as a stanelarel, tiiemgh preibably only approKimate'ly e*vact fejr 
any given formantatiem.. 
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Tho oxpeerhm*nts, itshemlei hosaiei. weero madee witii a luiuul e>ontaintUg 
18% of dextroso, a nmelium preihahly e>f gr(*a(eer de'nsity than, thee euxee most 
favourable tei yesist pre>elue‘t.ion. 

Oxygen the Factor in Cell Reproduction. A.s«*n<*8of uapoHiiat.mv<‘H(,igii- 

tions hy Adrian ,t. Umwa, wliie'ii eiessupy e»ve*r lU page*s of Uie* (’hcmiral tSorwtj/'ii 
Journal, can only he* giv(‘ii in HiuiunariHcel feinii here*. Imt. tiicrc e-an he little* doiil>t, m 
Hinio of the invcutigator’s meidcst attitaele*. tliat he has re*move‘el many points fi-eim 
tho region e>£ esonje*e*ture* tei one e>l pme*tical certamt-y. 'I’he* e'ii(|uiri<*H may lie* 
grouped as feiUeiws ; («) Inlliie'nesee eif e|uaiit.ity eif Hce*d ye'nsi. em amounts re*i>ro- 
duood ; (ft) restriotivo effe'eitH of me'tiiheilie** [ii'oeluctH, W'he*t.lie*r %’ohitile* eir non- 
volatilo conBtitue*utH cxe’lusivo of, and me'huHug aleuihol anel (H)j ; ('*) the* favouring 

* Uetabohsin and Uetaholic nre* t<‘rmHnHe*el to signify esimcrsiou proe'csHe's e>e‘curring 
in living coUh through cnKymew e>r by ei]H*ration of llicir jirotoplasm. (lonstruetivo 
motabnlism (aaaboUsxn) is the huililing uj) of beidie's from e*le*me*ntH e>r e'enniieiunds of 
simpler form — e.g., forniatiem oi <tarhe»hyelrate*H from (U)j, or Htawh from sugar. 
Dostruotiro me‘taboluim (katabcdism) is tho r<*ve*rH<> proce'ss during whie'Ii <-e«ni>le*x l)odit*« 
are broken up into simpler form. (JctuTally nie*taboh<* proeiueds of ye'ost imply, not 
aloohol and Of)j, but glycoge*n, prote'olysesl buelu'S, anel the* esuive'iw*, anel js'rhaps 
glyeiormo anel Hut>uini(t a(*id. 

Symbiosis is the assoeiiution of two ehlfewnt organisms which live together, both be*ing 
beine>fitod. Yeasts aiv said to bee able to undergo similar amooiations. Will has reported 
a ease of two varieties of yeiast which havt» fune*tionefl in a brewewy for 12 years without 
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influence of food supply ; and (d) influence of oxygen. And althou^ the last 
(j^uestion was the mam one, the preliminaiy enq^mnes gave very suggestive results. 
One, the apparent indication that the rate of reproduction of new cells (i.e. of 
number of new cells found the number seeded) vanes in a given tune and tends 
to vary inversely as the square root of the number seeded, will be clearer from a few 
figures taken from tables given. The selections are four out of fourteen (Table I.) 
with de:ctrose solution, m yeast- water as nutrient, and four (Table II.) with malt 
wort of s.g 1 063. It will be seen that decimal parts of a smgle cell are entered as 
seeded (col A), but this is a reduction down to 7^^ of a cub mm,, the standard 
volume In which the reproduced cells could be counted. The first proportion 
0 * 786 in Table II = 3,140 cells per cub mm ( = *000061 cub. inch) is rather above 
that which a barrel seeded with 1 lb of hquid yeast is calculated to contam. Tem- 
peratures of about 68-69 ° F were maintained in the incubators in which the worts 
were fermentmg Column D needs explanation It attempts to provide data for 
a mathematical consideration of the question ; the fact that the square roots of the 
number of cells seeded x the rate of reproduction C (otherwise B — A) are nearly 
identical for each series suggests that the rate will be in inverse proportion to the 
square roots of the cells originally sown. 


Table I. — (After 18 Hours.) 


Expfc 

A 

Pells at btart 

n 

Xo of cells 
after 

C 

Rate of 
Reproduction 

A* 

I> 1 

V-x? i 

E 

! Grammes of 

1 alcohol 

> in ino o c. 

1 

0 145 

3 04 

20 9 

7 9 

{ 0 44 

4 

0 680 

6 08 

10-5 

8-0 

! 0 83 

6 

1-600 

10 30 

6 9 

8*4 

I 1 11 

14 

15 760 

27 60 i 

1 7 

6 9 

4 51 


Table II.- 

—(After 17 Holes ) 

1 1 

0-786 1 

1 6-03 

1 6 4 

6 7 

1 

- 

1 670 i 

i 7 77 

1 ^ ^ 1 

6 2 

1 

3 

2 356 

1 9 07 

1 3 8' 

5 » 

1 

4 

3 140 

10-17 

3 2 1 

5 7 

j 


Furthei figuies practically eliminate alcohol as having a retarding influence on 
cell-multiphcation undei ordinary conditions ; worts to which varying quantities 
of alcohol had been added previous to fermentation and independent of any formed 
duiing fermentation (3*6% in the control non-alcohohsed wort) exhibited no 
restriction below an added 4*2 grammes Heie the cell counting was deferred until 
multiplication had been completed ; in another expeiiment, where the cells v\ere 
counted after seventeen hours, a very limited effect on the leproductive rate was 
observed from an added 2 4% of alcohol, but if the above-noted experiments 1 
and 4 (Table I ) be refeired to it will be seen that the rate of cell-reproduction was 
in the second only half that of the first, which must be attributed to somethmg else 
than the very small increase of alcohol, only *39% 

Experiments were then made : (1) With a malt wort diluted wnth already fer- 
mented wort , (2) with similar wort diluted with distillate (contammg volatile 
products) ; (3) wort with residue (contaimng non-volatile products) ; and (4) a 
check experiment, with wort correspondingly diluted with water ; all bemg seeded 
with the same number of cells Here the rate of reproduction was practically 
identical, the non- volatile products blend showmg, if anything, the higher rate. 
Experiments were next made with worts saturated with COg and hydrogen respec- 
tively, these gases, well washed, bemg passed through for several hours before seedmg 
and for two hours after ] the flasks, too, being arranged to retain the gases under 
atmospheric pressure Two flasks treated with each gas and two control flasks of 

any noticeable change in their individual characteristics- A sort of equihbrium seems to 
have been established between the two varieties which permits them to live together 
without harming each other. 
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wort form«iit(Kl uiulor onliimry conditionH Wfn* tak<‘ii, tlj<» iKntifr ('otinic'd in 
on« of each sort at twenty Ikhh-h and affaui aft<T li vt* dayH, with tin* ft>H()wiitf; 

I <VUh .iil'li'it il. ••tint ' iifit'i ('till I nfit'i n iiuvs 

Kxnmmcnt with COg , l-2r. t • K-ua 

„ „ II . I an 4-sia s-7o 

air -I l-ar> »-l0 HI -71 


TIio fallin n'jinxlui'tiou l«*in}^ HuhHlautinlly tl«‘ Haim* wli<*(!i(*r COj or [l wore tlio 
oaturating gaH, it hooiiih <‘vidi*nt that tlioir roMiriettvo miluoiii’i* ih n<*j?aliv<*, not jwmi- 
iivo, throMKh oxoIuHhm of oxyi^i'n by IIh'iii. 

Inatructive tiialH w<*i<* nmih* with non-aoratoil wort and wort Uirou^It whioh n 
rapid current of air waH paHWod during f«*rin«‘nlntion. two liaakH of <*aoh lioing n*H|M*<!> 
tivoly H<‘<*d<'d wil.l» ooIIk in propoition 1 , •!. It will b<* wi’ii that thouj^h aeration 
Htimnlati'd <!ell-r<*produof.lon with the liinhiT rate of Heeiliin;, it di«l not do mo w ith llie 
lower, pi’eHiiinably b<*«au.se the eelts of the* .spaiHer .sei'din^ had found oxy^i'n lor 
full development in the unaemted wuit. 


No. 1. Without lilt 

Vf — • »» *» • 

„ n. Witli air ^ 

», *1. ,, *1 • i 


<vii > 

tvn alt It 

H ill ol ll* 

« ll 

1 1 lioui . 

J»IOillll*tlOII 

0 12 

1 S-H 

20 D 

1 i\H 

lo 2 

D*0 

U’42 

7*7 

IS ;i 

1 

. 21 *0 

12 S 


I 


lit 1 llUl* |)l()|it»ll lt»|l ll 
iu(« lit tfpioihii‘l )«iii 

:! :j • 1 


1 . 1 


Noxt,t(>U*Ht tho of uiitrilivo iiiuKoi Ar on (•oll-i<*pi<Kliicl 1011,11 poi tion 

of wort o£ Hj) gr was dilutisl with wat<*r to I 'OtM), tuo solutions <'on- 

taiuing nutritive inaU<*r in propoition , 2 'I’uo flasks of iwli, one aeiatcsl, th(' 
otliCTiiot, wore sissiod with (sjnal <pmntitios of and (‘oll-oounting alter sixty- 

nino hours gav<* tin* following figures • 


KIiihIc a (with an ) 


B 


»» 


(! (\Mthout atr) 
1 ) „ 


>>11 pi i\ nl %\oil j Till il iiiiinliii (iftdl ftiuiid 

1 otio :>:»*() 

1 im ' 

1 ouo l<) <J 

1 ilUO ID s 


OompauHOn tiuids to show’ihat undei nonnal lennenfation ( onditions (no a/xi ntl 
aoration) food supplvi beyond an ineiliuMblt' iniiuinuin, does not inetease <s*ll n^pio- 
iluction, while the faet that 111 the eontinnotisiy aeiated A and U the eidls, iitiallv 
found, were 111 the proportion of 2 1 '<5, faiil\ siinilai to ihe 2 2 ol the food Miipply, 

tends to sliow that when tin* supply of fn*<* o\\ i^en is abov r the noi inak i( \wll do h<» 

The conclusiou <'onu» to is that <*(»Il-iepiodue(ton in noiinal (unaeiated) iernienta- 
tions IS conditioned and govianed by (> otn*innll\ at IIm' disposal of tlu^ eells befoK* 
reproduction b<*gi ns This I'onelusion explains (Ij Airest ol lepioiliietu i* lnn(‘tion 

of the cells under ordinary fernn^nting eondilions, when otbeis, e // , jood snp|)I\, 
should favour eontiiniane<» (Due to exhaustion of Ktnnuius fi<»m O onginallv 
available) ( 2 ) KapicI fall 111 rati^ of n^iirodiKdion obs<M\(sI m eaifnu stugi's; it 
being natiiial that at conLtnen<*(«in(*nt ol teprodneiion, tin* tnlliKUiei^ oi () will 
most active and that, as (»(»lls multiply, this will diinunsh lapidly (li) ^Die tendeney 
to approach equality in tin* numlxT of e<*lls pr<idu<’ed in diir<T<»nt <»xp<uiin<*nls W’lth 
varying numbers of cells ; for the amount of < ) at <x)inmeneenu*nt. of the e\p(»rnnentH 
IS constant, and conecdvably 1I44 powei of stimulation is eonstant and governs the 
reproductive power of the ei'Ils m a whoh% irn»Hpe<*tiv<' of tlu' mimb<»r pres<*nt. 

Surplus 76ASt« — ^Thc disposal of this is a problem Hoinelimi\s not <*asy to solve, 
and the following method of pn^paring Bakei^S Yeast^^iH gi\i*n by 'rhausiiig, may 
prove usofnb 

The fresh yeast is xiossod through a fine hair-sitwi' in ordtu* to removt* the coamcr 
contaminations- Th<*n it is brought into (*ight or t<*ii t i ni<*H i ts ({ uanti ty of the coldest 
possible water, in xviiich somo ctarhonate of ammonia, soda, or ])oiash (the fii^st salt 
IS proforablo) has boon dissolvi'd, and mixe^d tlu'n^with in a det^p v<*H8<d, which Iwis 
sundry openings, closixl with taps, on(‘ ov(‘r the' other. The (piant ity of tlu' salt may 
bo rockonod at 100 to 120 gramincs jx'r Iw'ctolitro ( - 22 gallons) of yt'ast. '3’ho salts 
act as solvents of th<? hop-resin, remove the bittt'r from and purify the yeast at 
the same time, and that bettor than water alone can d«>. 
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"Wlieii filie yesiBl/ Has seiftled, tiHe sepairated and. dirty water aHove it is allowed to 
flow off ; Gold water is agam. added* and tHe mixture tHorougHly stirred. tiie 
yeast is stiU not clean, enougli, a tlurd lot of water is used^ or a small <^iiaxitlty of 
ammonic carbonate (or one of the other salts) is added to the second water. The 
yeast, by frequent and continuous washing, gets weakened and loses its power 
(** Trieh ”) in bakmg The washed yeast is wrapped up in pressure cloths) JPress^ 
tuche.r\ moderately pressed, and kneaded up with dry starch, so that it becomes 
fairly dry, and yet can be formed into quadrangular pieces. The separate pieces 
are packed in paper and preserved until sold in a cool and dry place. 

It IS essential to have the water for washing very cold, the best plan being to 
throw some ice into the vessels, and let the latter stand in a cold oellar- 

A suggested explanation of the fact that one hrewer^S y0&st "fiTidR flSkVOUX fOT 
baking, whilst another’s, apparently stronger and better, does not. 
The active ferment in bread-raising is supposed to be Sacch. Jifinor (hlngel), which 
Messrs Matthews & Lott say they have noticed in racking beers to the extent of 
1 % to 2 % Now, a high proportion of this, which would be an impurity in pitching 
yeast, seeing that it sometimes causes cloudy fret, would greatly enhance the value 
for baking purposes ] 
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CVhTUJiE Fium A ,^JN<4LE (U*:LL-WIU> yeasts 

PAHTIfilllt’H 1 VIkTII<)I>M OK Itl KV INO Y KANT SfllVIVAI- OK TIIK KitTKST HaNSKN'h 

TuBC>K.Y YBAHTH I>l]A1Tft>N ASI> <<KKAriM: MkTIIOOS of ISOKATINU A 

Hinoi^b (tifli-ij Kt»K (Cultivation Asf<iMi*4iut: Kokmati*>n , Kn m oit I*ki mc’lm 
KoRMATION 'Pa U 1 *B «>F tub l^RK<'BI»IN<J, SKUVINO I'OK Anai.\ M ts <»k Ykastm IMthk 
C ui/PITIIK ON AN InI>ILHTKIALS<*ALK 'PuI \LH OK l*t'IlBi't LTt'UH'’ YkVSTIN NoHTU 
OK KltANtlW — K\.IM«KIBN<'K OK A HhKWKH TllKUK “IM’llK ( *0 1/IT II B ” Y BAST IN 

Ai/htkalia. 

Pasteur’s and Hansen’s Methods o€ ObtaininR Pure Yeast compared. - 
Until M. Hansi^ix’rt most iinpoii.aiit. at <*ailsh<‘r^ \v<-ro inado 

public, tho utmost that llio sc.ioixt ili<‘ hn^wvr iic>{><Hl toilo was tosiH'uro puro 
yeast by tho oiilturo systoin, ivconun<'Uiif‘<l by M Pa.slour, aivl wliu^Ii may 
be said to have Ix^ou basiMl upon the law of tlie survival of th<' fitti^st, ” 
That IS to say, the fornauit was to he eultivatiMl uudiu* oouchtioiis uhieh, 
though uufavourahle to its owu <U'‘velopmeut , weri-^ still more* uuia\ ourahh^ 
to the <lovoloi)m(‘xit of tlu^ diseasi^-h^rmtMits < 'ousixpauit ly the lattiu* 
might be oxpeetc^d to perish, when^ns the yeast would Hur\i\e 
Summariscxl, Pasteur's r<x*omiiu*ixdat lous (.ms* Ktnth\s ,si(r fit 
187(>, pp. 225, 22(1) r(*solv<^ th<Mnselv<\s iixto tiu* folio wdiiu; alt<M rial i \ es 

1 . To cultivate yeast. i!X a lO^o solut iou of suuai , boiled and (*ool(*<l with 
access of filt<‘re<l iiir only, aix<l iu shallow \essc*ls e<»\<*red with platt*s of 
glass. 

2 To cultivate it iu wort to wliieli II",, <>f tartaric* ac*icl, and Irom 2 
to 3% of ah*ohoI, have* b<*<*ii added 

3. Or iri wort to winch a 10*h> *‘^^’bit loii of earbolie aeicl has b<*<*ii addc*d 
in the proportion of I f>art solut ion to lOO parts of wort 

Obviously, liowev'er, t.hi*s(^ plans an** s<*are<*ly available* on a large* scale*, 
and Pasteur hims<*lf admits that tin* si*e*ond of tlH*m is (*t|ually favourable^ 
to the grow’th of S(tcr/i to w hich he* atf ributcMl a de*t rim<*utal 

rdlpf though were it only the d<*ttc*rmi nation of a vinous tlav our, as lu^ 
specially states, Ktiglish bnwvers might an'ord to disrt*gard au«i c‘vc*n 
welcome its jireseixc'CL 

Ho also relates tliat the use* f«>r pite*iiing in the Sm*s,srriv Tattrivl at 
Tantonvillo, of a yc^isi which he^ hael ol>tain<*d of r<*markable purity hy tlu^ 
carbolic acid method, resulicsl in thr* prodii<*tion of ai la*<*r t>f r(*iiiarkahle 
stability, compared with the other products of the* same* bn*wt*ry* hnt 
which \inforbunately always xlevclopixl a yeasty ilav'our anti vvaixt of 
brilliancy {unaca^svredofectiu*uAP). 

Therefore he admitted the possibility of the yeast undergoing H<nue 
change, which would unfit it for practical use*, albeut its purity from his 
poiivb of view could not be <|ueHtione<l, 

Otlier |>]ans, based on the same leading UWn, Iiavt^ b(*en atlvoeated — 
notably to use a (sortaiu proportion of saiicsylic^ a(*i<l, either ijx tlie fer- 
menting wort — it being alleged that aucU an udditioxx ixx moderatioxx 
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inLibits tih.e groH’tii of bacteria whilst allow ing the yeast to flourish, or, to 
wash the yeast with an aqueous solution, of the acid containing not more 
than one paxt acid in 10,000 of water, and not less than one part in 20,000. 

^ Even now, M. Vdiea of Marseilles, a distinguished practical and 
scientific brewer, zealously maintains that some such method, based on 
Pasteur’s reconamendations, would be amply sufficient, and therefore pre- 
ferable to the more novel S 3 ^tem, which we will now consider — ^the system 
based upon the researches of Hansen, the Danish savct'nJb. 

He, although admitting the incalculable harm done by bacteria and 
Pasteur’s ferments de maladie generally, is q^uite as strongly of opinion 
that yeast, apparently pure to ordins^ microscopic observation, may 
contam within itself the causes of much evil, that, in fact, unpleasant 
flavours, turbidity, and so on, effects which are only second, if second at 
all, to the development of acidity, are due to certain types of yeast, which 
he has classified as “ wild yeasts.” 

To avoid the detrimental influence of these wild yeasts, he advocates 
the cultivation of a crop of pitching yeast from a single cell, selected and 
isolated in a way to be described later on. It has yet to be shown that 
yeast, the progeny of one single cell, jealously preserved from contamina- 
tion and therefore of one single and uniform type, can give the results, in 
point of flavour and condition, which the English brewer desires ; the 
possibility is strenuously denied by many, and mdeed certain experiments 
which have been earned out at Burton-on-Trent are understood to have 
tended to negative it, nor can the results of practical expenence on a 
larger scale m the north of Prance — ^to which reference will be made at 
some length later on m this chapter — ^be held to confirm it absolutely, as 
far as the information actuaUy at hand enables a judgment to be formed. 

But for bottom-fermentation beers there is positive evidence that pure 
yeast — i e , Sacdi Cerevistce, without intermixture of “ wild yeasts " — 
answers extremely weU. proper precaution being taken against over- 
attenuation The contradiction, if one it be. between this successful 
result in the one case and its very questionable success in the other, may 
perhaps be explained by the fact that the low temperature, at which 
bottom fermentations are conducted, enables a large amount of carbonic 
acid, developed in the primary fermentation (and which would be lost in 
a top-fermentation) to be retamed — ^the beer being, in fact, already 
saturated with it ; whereas a secondary fermentation (complementaiy 
cask fermentation), impossible, as it seems, to be got with Sacch. Cerevisice 
alone, is requisite for the due conditioning of top-fermentation beer. 

If, however, we adnut the undesirability of having any t 3 rpe of yeast 
except Sacch. Cerevisice, the true alcoholic yeast and the main constituent 
of every good commercial yeast, and even if we do not admit it in toto, 
few will be disposed to question the immense interest and value which 
M. Hansen’s discoveries have for inteUigent brewers. 

Hansen’s investigations, in so far as they aim at differentiating yeasts 
not only mto types — ^which Pasteur and still more Heess had done to some 
extent before bim — ^but mto sub-types, though foreshadowed in 1878, only 
took the present definite direction in 1881, when he conceived the idea of 
obtaining growths, each cultivated from a single cell and therefore 
uniform, and of observing the characteristics of each separate culture, 
when enough had been obtained for that purpose. The problem — which 
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seems simple enough now it has been solved — ^was to ensure the derivation 
of the growth from a single coll, and from a single cell alone. 

He had, ready to his hand, two methods of isolation, neither of which, 
however, was altogether satisfactory from his point of view — 

(1) The Dilution IQefhod o£ Nageli and 

(2) The Gelatine Plate Cultivation Method of Dr. Koch. 

The Dilution Method briefly consisted in taking a definite quantity of 
liquid containing the class of cells to bo experimented on, and counting the 
number of cells therein (which may be most oonve3aiently done by aid of 
a hsematometor), then diluting an eqiial quantity to such an extent, that 
it might fairly bo assumed that a certain small volume of the diluted flmd 
contained only one cell For instance, suppose that in 1 c c. (cubic centi- 
metre) of the undiluted fluid 750 orgamsms were counted, then if 1 c.c. 
were taken and made up to 750 c o. with sterilised water, there would 
probably be 1 cell m each c.c of the diluted fluid. 

Each centimetre, then, put into a flask with some sterilised nutritive 
fluid, would give rise, vn all probability, to the required growth from a 
single cell. But the alasolute certamty so essential was wanting, for it was 
impossible to distinguish between flasks whicli might have received several 
cells and those which had only received one, so that tlie method had to be 
modified to make it of scientific value 

The Gelatine Method of Dr. Koch also begins by a free dilution with 
sterilised water of the growth, whatever it may be, which is to be investi- 
gated. A small quantity of this diluted fluid is tlicn transferred to a flask 
containing nutritive fluid and golatmo, which at its then temperature of 
86® Falir. does not stiffen. The flask is then vigorously shaken so as to 
dissemmate the introduced cells evenly througliout the flask, which being 
done the contents of the latter arc at once poured out upon a largo plate, 
and immediately covered with a bell-glass. 

As it cools, the mixturo becomes solid, whei’oby the colls arc isolated 
from one another, and in a few days whitish specks apjicar whicli are with 
great probability taken to bo colonies derived from a single parent cell 
Each speck is then removed to a culture flask of sterilised wort or other 
nutritive fliud, and a growth from each obtained Still oven here absolute 
certainty is not secured Moreover, comparatively simple as the manipu- 
lation IS, it IS found that tho addition of the gelatine decreases, as far as 
the saccharomycetes are concerned, tho nutritive value of tho wort to 
which it IS added, and that therefore few but the more vigorous cells thrive 
in it. 

Hansen’s Modification of Nageli’s Dilution Plan is as follows : — 

Having counted the number of cells in one drop of the fluid (and having 
been careful, with that object, to keep it from overflowing the outermost 
square of a number of fine lines engraved on a glass-shde, and crossing one 
another at right angles), he proceeds to dilute a similar drop with such an 
amount of sterilised water that, on shaking up the flask, a certain 
measurable quantity (say 2 c.c.), of which the half can be conveniently 
taken, ought to contain one cell. Then if quantities of 1 c.c. be withdrawn 
(the flask being well shaken before and between the withdrawals), and 
placed into flasks containing sterilised wort, and if these be then properly 
protected from the access of adventitious germs, the probability is that. 
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not only will one flask out of every two have been impregnated, but that 
the growth, when it does occur, have had its origin in a single cell 
But Hansen is not content with probability ; his method requires the 
largest measure of certainty possible. 

Accordingly, having impregnated the series of flasks as above, each of 
the series is vigorously shaken, so that in the event of more than one cell 
having found their way into any one flask, they may be separated and 
settle upon a different part of the bottom or sides of the flask. This it is 
practically certain they do, and that the entrance of more than one cell 
into any particular flask will be revealed by the appearance of more than 
one of the white specks, which are evidence of the position of a yeast (or 
other culture) centre. 

n, then, careful examination of the flasks at the end of several days 
discovers o^y one such speck in any of them, there is the strongest ground 
for concluding that one cell only entered those particular flasks, and when 
these single colonies have been used for the impregnation of fresh flasks, 
containing sterilised nutritive solution, the pure culture is started 

This, however, is only a first step ; it is only clearing the ground for 
that analysis of yeast which has been rendered possible by Hansen’s 
labours alone. There are two steps further : 

(1) To investigate and note the effects prodnced m regard to ^vonr, 
soundoess, condition, and br^hfness, by each variety of yeast, which had 
been isolated, and (2) To devise some plan of differentiating yeaste which, 
though apparently alike, have yet shown themsdves dissimilar by indncing 
good or harmless changes in the one case, and positively hnrtfnl changes 
in the other. 

The former is comparatively simple, though lengthy ; it obviously 
requires a series of actual fermentations to be carried out on a relatively 
large scale — one at least for every culture of yeast isolated — and finished 
so that eye and palate together may judge what the result has been. For 
the latter the course was by no means so plam ; but the final outcome of 
much thought and patient research was that two means of differentiating 
yeasts, morphologically alike but otherwise imlike, existed which de- 
pended, first, on the length of time taken to form ascospores, under con- 
ditions covering a wide range of temperature, but constant for each set of 
experiments ; and secondly, on their mode of film or pellicle formaiioii 
also under varying conditions. 

It has previously been mentioned that the yeast-cell imder ceirtain 
circumstances — ^and the fact was noticed by Reess, Bngel, and others 
before Hansen — unfavourable for propagation in the way we now consider 
normal, viz , by budding, provides for its reproduction by developing 
endogenous spores, the protoplasm dividing itself generally into four 
separate masses, which being surrounded with a cell- wall are known as 
ascospoies (deuxo? = a skin or bag). 

Accordingly TTfl.naeTi, or those associated with him, arrive at these 
appropriate conditions conveniently by the use of small blocks made from 
plaster-of -Paris, on each of which, after they have been sterilised in a 
fla.TYifl or otherwise, a small portion of the pure culture is smeared, the block 
being then placed in a small vessel of water provided with a cover, so that 

Of course these cultures are not on a scale ade(j[uate for commercial use, and a special 
apparatus has been designed hy the experimenter for the prodneboo. of large crops. 



Synoptic Tabk for Teaat Analysis by Variations in Ascospore and Film Formations at Various Temperatures. 
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As observed, is a “bot- 
tom ” ferment, which 
gives a strong, bitter 
taste to beer. 
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324 


BBMWTNG AND MALTING 


the water ahsorbed into its pores suffices to keep tho surface just moist. 
The series of blocks, so arranged, are then placed in a thermostat, and kept 
at a uniform temperature,, say of 18“ 0. (= 64 4“ Fahr.), or of 25“ 0. 
(= 77“ Fahr.), etc., as tho case may be, and the exact time at which 
aseospores develop is in each case noted. 

It will be observed from the preceding table, which has been drawn 
up with the aid of the lucid work by A. Jorgensen, that tho former 
temperature allows of a very ready diForentiation of Sacch. cereviaice from 
all the wild forms there given, while again a temperature of 81*5 enables a 
distinction to bo made between tho injurious Sacck. Pastorianus 1., and 
the harmless, if not useful, Sacch. Pastorianus II. Other differentiations 
wiU occur to those looking at tho table, which might have been made 
larger, but has been purposely kept within comparatively narrow limits 
in order to make it synoptic. 

The Film or Fdlide Fonnation observed as a second means of differen- 
tiating yeasts, are small flocks of (aerobian ?) yeast, which are formed 
towards the close of flask fonnontations, in periods that vary with the 
conditions, as the foregomg table will show. The wort becomes lighter in 
colour, and the cells obtamed are often elongated and approximate to tho 
mycelial growth referred to in Chapter IX. Access of filtered air is 
necessary, and the flecks of the film can bo distinguished from those of the 
ordinary aerobian ferments {M.vtni and M, aceli), when tho formation has 
advanced further by a difference of colour, the former being usually a 
distinct greyish-yellow, tho latter grey 

It has been pointed out by Jorgensen that all top-ycast is by way of 
forming stronger and more numerous spores than cultivated bottoin-ycast 
does ; that the spores of the cultivated variety of tho former, though 
larger and with better-defined coil-walls than those of tho uncultivated 
variety, have not the clear and homogeneous structure which the latter 
has when young. 

He also points out that at tho temperature of 25“ 0 (--=77“ Fahr.), tho 
sporulation penod of each variety is too close for a satisfactory analysis, 
and accordingly 69“ Falir. and even 53 6“ Fahr are preferable, as giving 
much more marked divergencies. 

Cultivation of the Teast in sufBicient quantity for Pitching. — ^The 
method of culture from a single cell has hitherto only been doscfibod as 
far as the first stage — tho introduction of the minute, almost microscopic, 
colonies into small Pasteur flasks of sterilised wort. It is next advisable 
to introduce the small crop from each of these into larger flasks of sterilised 
wort, and crops having been secured m the latter, it is possible to proceed 
to the cultivation on a larger scale. 

For this Hansen has devised a special apparatus which, without 
entering into nunute detail, may be stated to consist of four parts — ^viz., 
(1) An ak-pump, (2) An air reservoir, (8) A wort receiver, and (4) A 
fermentatiQn cylinder. All parts in contact with the wort are of well- 
tinned copper, and all, as well as those of the air-pump and air-receiver, 
are so arranged as to be thoroughly sterilised at any stage by the admis- 
sion of superheated steam. The air-pump, which of course only pumps 
in filtered air, has been made an adjunct l^ause of the proved necessity 
of aeration for the pure cultures, and the air-receiver, which contains air 
at a pressure of 3 or 4 atmospheres, enables the air to be introduced 
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with greater uniformity than would be possible with an air-pump 
alone. 

The wort-receiver may be connected by a tube with the copper, but 
this is hardly necessary if wort can be introduced into it at an absolutely 
boiling temperature without the admission of contaminated outside air. 
The wort-receiver has a jacket, between the walls of which cold water can 
be made to circulate, in order to cool the wort to the desired temperature, 
and it is coimected with the air-receiver so that the wort may be efficiently 
aerated before being mixed with the yeast. Then the fermentation 
cylinder is partially filled with wort, some of the pure culture introduced 
with precautions against infection, and the fermentation cylinder is then 
filled up to the highest advisable level. [Of course, the fermentation- 
cylinder has an outlet for carbonic acid gas ; it is also provided with a 
stirring apparatus, actuated from the outside, for mixing wort and yeast 
thoroughly.] 

There is a tap for drawing off the liquid mixed with the new yeast at the 
right moment ; and in the arrangement at Carlsberg the fermentation 
cylinder is once partially emptied and once totally emptied (except for a 
small quantity of yeast, sufficient to start a fermentation in a fresh charge) 
every 10 days, enough yeast being got in that time to pitch 8 heotohtres 
(i.e., 176 gallons) of wort 

Thus it will be seen that tlie production of a full crop of pure pitching 
yeast is not a very speedy affair, but from this point — ^up to which it has 
been conducted with precautions for absolute sterilisation the cultivation 
is carried on in fermenting vessels of the ordinary type Undoubtedly, 
even in the purest air, infection by wild yeasts, bacteria, etc , now begins, 
but it IS found in practice that sufficient purity is maintained for a con- 
siderable time, and that, for operations on an industrial scale, the culture 
does not require to be begun again de ?iovo, in respect to the whole crop of 
pitching yeast, but that it is sufficient, when once a pure crop has been 
obtamed, to reuiforce it from time to time with fresh yeast developed on 
the pure culture system recently described [Hansen found — it may be 
mentioned — ^that, when the proportion of w’ild yeasts w as less than 2 44° o» 
or perhaps w'e may say 2 5%, no evil results ensued ] 

Experiments with Pure Cultures in Top-Fermentation Breweries 
(France). — These experiments have been mentioned earlier m the present 
chapter, and as detailed accoimts from one pomt of view have come to 
hand, and as w'e w’ere further enabled to get some first-hand information 
from the owner of a brew’ery on the spot and a letter from another gentle- 
man connected w’lth the trade there, which qualify those accounts some- 
what, we think it would be interestmg, before concludmg this section, to 
give a resume of what has been done in that locality, and extracts from the 
letters we have received. 

The expert who presided over these pure-culture fermentations was M. 
Kokolinski, an anal 3 d;ioal chemist of Lille, and the following is an abstract 
of his method, which we shall continue to refer to in the present tense. 
[It is stated that fifteen breweries in the Department du Nord had adopted 
it in 1892, four years after its first introduction into a top-fermentation 
brewery in Lille.] 

To Select the Desiiftble Type. — A. sample is taken from the 3 reast in 
general use, rather than from the first heads thrown up duiiig f ennenta- 
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tion. [First heads are fouad to contain fewer species of yeast tlian the 
pitching yeast, some of the best types being occasionally missing.] 

A trace of the sample taken is submitted to gelatine culture, the 
individual cells being thus separated [1] ; then the colonies from at least 
12 isolated cells are carefully observed — e.gr., the time is noted in which 
ascoi^ores are formed, the same with pellicles, besides numerous details 
of fermentation and of the resulting beer, primary and secondary fer- 
mentation, etc. 

The materials used, type of beer wanted, and the method of fermenta- 
tion must be taken into account ; even then there is no certainty of 
succeeding at the first attempt. Often throe or four sorts of yeast have 
to be tried before a satisfactory result is obtained. 

When the desirable type is found, the cultivation on an industrial 
scale b^ins. 

1. In Pasteur fiasks. 

2. In tinned-copper flasks, or covered copper cans of 24 litres’ (nearly 
5 gallons’) capacity, capable of containing 16 litres (nearly 3^ gallons of 
wort) in active fermentation. [In these cultures M Kokolinski attaches 
great importance to perfect sterilisation of wort, and ho always operates in 
an Autoclave at a temperature of 115“ to 120° C. (= 239° to 248° Fahr ). 

3. The quantity produced by 2 is enough to prime a Hansen’s appa- 
ratus if there be one, or to pitch 150 litres (about 32 gallons) of wort. 

4. The yeast from the Hansen’s apparatus (or from the 150 litres) is 
used to pitch 8 hectolitres (176 gahons) of fresh wort 

5. The yeast obtained from 4 suflfices to pitch 37 barrels 

The beer got from the wort used in yoast-prod action, though a little 
flat, is perfectly sound, and can be used either directly or blended , and 
though the first fermentations are sometimes not very active, M Koko- 
linski says it is a mere question of acchmatisation, and that after the second 
or third generation the fermentation will resume its normal activity. Ho 
also finds — as has been stated before — ^that it is unnecessary to replace the 
whole yeast-store with pure yeast when a pure-culture store has once boon 
obtamed Additions of pure yeast from time to time will do. 

Never More than Two Types are blended. — ^A single typo of yeast is 
easier to work and gives more regular fermentations, but it is sometimes 
necessary to select two t3q)es. The admixture of two types, however, has 
hitherto been found sufficient. 

Commercial Yeast of North of France. — ^Moro than 60 different types (!) 
have been differentiated, of which 40 have been carefully studied and 
classified in M Kokolinski’s collection. Many of these typos, the so-called 
“ wild yeasts,” are absolutely bad. 

The allied advantages are (1) That beers so brewed have the special 
flavour desired. (2) The flavour is regular, uniform, and well defined. 
(3) Clarification is easier and more rapid. (4) The beers resist bacterial 
agencies better and keep longer. 

Moreover, M. Hokoliuski claims that the advantage of using “ pure 
culture ” yeast is greater with high-fermentation beers than with those 
brewed on the low-fermentation (bottom fermentation), because the former 
have not the advantage, which the latter have, of cold to check the action 
of hurtful ferments, and to keep their growth down. 

Of the two correspondents, who so kindly wrote to us, NTo. 1, the 
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Brewer, says, “I have made some taials of pure fermeatatiozi, with Hansen’s 
apparatus for about a year, and witiiout having been completely success- 
ful, I may say that it has given me much satisfaction. There is, in effect, 
a very appreciable result in the regularity of the flavour of the beer and 
in the purity of the fermentation. Formerly, when I had a change of 
yeast the flavour of my beer was altered, and my customers did not find 
the uniformity indispensable to successful manufacture. It is a point of 
great importance to be able to re-establish the dominant yeast of a 
brewery at will. 

“ In the second place, this regeneration has, as corollary, the pro- 
duction of a pure yeast free from bacteria. I do not insist on this point, 
because it is beyond disproof that bacteria and sometimes vdld yeasts are 
our worst enendes. 

“ Thus far the advantageous side of pure yeast. But now I must 
confess that in my case the ireconstitution of a store of industrial yeast has 
been less easy to obtam than in other breweries. I have sometimes, 
according to the season, required 4, 5, or even 6 industrial cultures, before 
seeing the yeast recover the qualities of odour, colour and agglomeration. 
I repeat that other breweries have not experienced the same di£Q.oulties, 
and I ask myself why the yeast which I use is so difficult to set going. 

“ My opinion is that, for certam races, the mode of selection proposed 
by M. Hansen, viz , by gelatme culture,* takes the nature out of the cell 
{denature la cellule). The cell becomes sick, and no longer secretes the 
sort of mucus which agglomerates it to the other cells. Moreover, the beer 
produced by the first generation often has a yeasty taste. 

“ Have I perchance experimented badly ^ Have I hghted on a bad 
kind of yeast 1 One or the other of these hypotheses must be correct, 
because my colleagues have been able to obtam commercial yeast at the 
first attempt 

“ Then I tried a mixture of two varieties, and succeeded better, but 
one of the two varieties stifled the other, which was less resistant. 

“ Whatever the cause may be, I have never since beginnmg my 
attempts had any bad flavours due to manufacture. My beers have not 
been flat, the attenuation has been constantly the same, and there has been 
no occasion to dread that which the detractors of Hansen’s system every- 
where proclaim 

“ To sum up. This question has many obscure points, which time and 
practice wiU make clear ; but a progress there is, and in my opimon (who 
am only a very modest practitioner, with no intention of posing as a 
learned experimentalist) the system wiU one day or other become very 
practical for top-fermentation beers. 

“ I beheve that the brewers of * bottom-fermentation ’ beers have a 
better chance than we of succeeding, because their yeast rests at the 
bottom of the vessel, and accordingly its alteration is less frequent and 
less probable. But we shall succeed after them, I doubt not.” 

My other correspondent does not take an optimist view, though he is 
unaware from sampling or trustworthy information how the change of 
ferment has modified the product. But he has not heard, he says, that the 
brewers working with yeast cultivated from a single cell have achieved any 

"■ The dilution method, previously described, is preferable, it inll be remmubercd, 
on ground of accuracy. 
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daggling success. He is inclined, however, to attribute any want of 
marked success less to any inherent unfitness of the system for top- 
fermentation beers than to the light gravity of the beers in the North of 
France (worts of 9° to 10° Balling), conjecturing that such beers, exempt 
from all acidity beyond that normal to the malt they were made from, 
might easily taste insipid. 

The “ Fore Cnitore ” in Australia. — Mr. de Bavay has placed upon record that 
his employment of a pure culture of 8aech. Cerevisits has boon successful in Australia, 
his ales m bottle developing all the “ condition ” so essential to high quahty. To 
t.biH it has been objected that brewmg conditions in Australia arc very different 
from those which obtain in England. The employment of as much as 50% of high- 
class cane-sugar is not infrequent, and this might very well account for matter being 
left after the primary fermentation had apparently finished — either invert or maltose 
— which the primary yeast cells would be capable of degrading. The famous 
French chemist, Dumas, found that it takes twice as long to ferment cane-sugar as it 
does to ferment inverted — ».e., the inversion takes as long as the fermentation, and 
where yeast has to ferment as much as 50% of sugar, it is far from unhkoly, unless 
the primary fermentation were to be unduly prolonged, that pnmanly fermentable 
matter would pass into cask, and even into bottle, before bemg altogether spLt 
up into alcohol and carbomc acid. That mtrusivo sccondaiy yeasts may find their 
way mto exposed worts goes without saymg. 

ETiglifih Experience. — Br. Moms in 1901, in describing a scries of puro- 
cultuxe experiments extending over eight years, and in which over 2,000 
barrels were fermented with one variety of yoast (though fresh ones wore 
contmually being isolated and tested), said that the beers were, as a rule, 
sound and well flavoured, but remained thin and flat No after fermenta- 
tion was produced, unless it were induced cither by addition of cold- water 
malt extract or of primmg. Dry hopping h ad a certain but delayed eftoct, 
due partly to diastasic power in the hoiis, and partly to introduction oi 
wild yeasts with them. A pomt to be mentioned was a tendency to 
“ sickSaess ” shown by most of the pure-yeast beers, not accompanied by 
micro-organio growth, but due, it appeared, to chemical decomposition of 
the cell-contents of dead and wasted yeast. Generally at racking tlio pure 
yeast beers were drier and had a more “ fruity ” palate than normal beers. 

Mr. Walter Riley writes {Brewer's Journal, August, 1904) that ho has 
found it impossible to get any beer of higher gravity than 20 lb into proper 
condition when fermented with a good typo of single-cell yeast. Ho adds 
that of two lengths from the same worts made up to 16 lb. and 30 lb. 
respectively, and then fermented with the same single-cell yeast, the 
lighter beer wiU come mto better condition, the heavier one having only a 
vmous taste and no “ condition.” But a 14-lb. beer, fermented with a 
selected type of single-cell yeast, was as full of life two years after as it was 
SIX weeks after being brewed. The addition of primmg would bo necessary 
to bring about oonditioumg by the heavier beers. He thinks, however, 
that the cure for some of the evils of “ bottled beer ” lies m the use of a 
properly selected smgle-cell yeast. 

Selective Cultivatioii Fortiflcatioii. — Jtrgensen, speaking of the degeneiation 
of a oommOTcial yeast, marked by the resultant beers developing flavours and attenua- 
tion differing from the normal, says that all Jie cells do not degenerate in such a ease, 
but if fermentations be started with single cells separated by solub.on, some of the 
new growths will show the acquired disagreeable character m a marked degree, other 
less so, but there will be some cells of the race which have not changed their character. 
From these he proposes to start pure cultures which will be used in improving or 
fortifying yeasts which are gtvtng satisfaction. As an example he quotes certain 
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bottom yeasts, which mduoe a very strong fermentation, but, as a rule, slow and 
indifferent clarification. In such a case the object of systematio selection has been 
to separate out mdindual cells, which will produce the strong fermentation charac* 
tenstic of the t 3 ^e, and yet ready clarification m the after fermentation. 

Claosseii’s Biettaxiomyijes. — ^The further theory about secondary fer- 
mentation comes from the Carlsberg Laboratory, its director. Dr. Claussen, 
claiming to show that Hhe factor m the conditioning, with accompanying 
flavours, of British stock ales is not a yeast, but a non-sporulating budding 
fungus belonging to theTomla group (p. 290), which in compliment to us 
he names Biettanomyces. It forms, he says, considerable amounts of acid, 
more than any other torula, which, combining with existing alcohol, generate 
those ethereal bodies characteristic of fine English stock beers. Though 
producing no effective result m beers consumed in a week or so after the 
primary fermentation is ended, it is otheirwise in five or six weeks. Though 
a constituent of normal British yeast, it is said to settle on the bottom of 
tiie fermenting vessel ; it has been isolated from bottles of old English ale 
and stout. Claussen, though he did not use English-brewed worts, foimd 
that the CO 2, developing slowly, is very tenaciously held, and the result a 
lasting foamy head. He does not advocate its addition to pitching yeast 
but says that 1 25 c c per barrel added after the primary fermentation (even 
after Pasteurisation) gives the best results Prof Hansen, at Edinburgh, 
apparently endorsed Claussen ’s view It was mentioned there that beers 
more or less alike after the primary fermentation, often differed after the 
complementary (secondary) one, and that though a single-cell yeast would 
bring about secondary fermentation, as long as any fermentable matter 
remained in the primarily fermented beer, that due to brettanomyces was 
a very different thing 

H. Seyffert (Russia) objects that previous attempts to get English 
flavours with imported organisms have failed on continuous use, though 
successful at first, and prophesies a similar result with brettanomyces. 

A Summansed Utterance of Dr. Van Laer, though it will not command umversal 
assent, may fitly close this chapter and subject ” The definition oi pure yeast as 
crops grown from a smgle ceU, so that durmg successive reproductions no other 
organisms are allowed to tniT wirh them, is not broad enough A good commercial 
yeast may consist of a mixture of types (e g S, Cerevisice, as well as S. Ellipaoideus 
and S Paaionanua) capable of givmg separately good practical results It is, in 
fact, a commercial yeast free from microbes, saccharom^cetes, or other fungoids 
injurious to the production of beer. There are varieties of H Paatorianus and 3. 
EUipaotdeua which give mcompeirably better beers than those produced by the agency 
of several S Cerevtstce It is a nustake to suppose that it is necessary to have yeast 
with organisms of the 3. Cerevieice type only, and that the j east is bad because the 
cells are elhptical or elongated. It is absolutely impossible to judge beforehand of 
the practical value of a ferment by the shape of its cells 3 Elltpeoideua and 3 
Paatonaniis may assume a round shape in certam stages of their development, 
and, on the other hand, 3. Ceremsite may assume the appearance of EUipaotdeua 
or Paatortanvs” 

Sacdiaromyces Theimantitonum — The writers would hketohave given details of 
this imgrammatically named but very interestang ferment, which appears able to 
ferment worts satisfactorily at a “ cooler ” temperature (say 120° F.), to agglomerate 
them into handy chunks, and generally to make a more or less medhanical process of 
fermentation. Unfortunately direct efforts made to get bottled samples have failed, 
doubtless through some rm an Tu lamta Tiding, so that we cannot say how its products 
compare wdth normal bottled beers in conation, or otherwise than in the somewhat 
artificial conditions of a Brewers* Show. 



CHAPTER Xm 
TREATMENT OF BEER 

Turbidity of Bbfb — ( i) From Bhfbctivr Yhabt — ( ii) From Baotrria — ( iii) From 

AuBUMiiiTOiDS — (iv) From Hop-rbsin (and Hop-sioknrss) — ( v) From Amyuoirs of 

ABl!TORMAIiI.Y LoW TYPB (vi) FROM MllTBRAB MATTER IN' SUSPEITSIOIT B.OPINESS 

— ^Ybast-bitb — ^Antiseptics — ^Finings — ^Different Methods of Finino — Stor- 
age OF Fade and Bitter Adbs — ^Porous Spides — Sampling — Bottling — Forcing 

Tray — Simpler Test for Stability in Bottle. 

A TOiiEBABLY accuxate idea of the causes of acidity iix boor has been 
obtainable since the publication of Pasteur’s Etudes sur la Biere^ but the 
causes of turbidity and yeast-bite are always further to seek, being 
involved in possible complications which make them obscure. We will, 
however, try to get some light thrown upon the causes of turbidity first. 
These are — 

(1) Defective Yeast. — ^And this defect may be due either (a) to in- 
sufficient nutrition or ( p) to over-nutrition ; and this not only in the wort 
actually in course of fermentation, but during the past history of the 
yeast, which is the head more immediately under consideration. 

Apart from the so-called wild-yeasts,” Sacch. Ellipsoideus ^ Saccli, 
PastoriaTiTis III., and Sacch. Exiguus, which definitely cause turbidity, it 
is easy to see that ill-nourished yeast, being only capable of reproduction 
and fermentative action in a modified way, will bo loss able than stronger 
yeast to deal with such factors of turbidity as are mentioned in some of tlio 
succeeding paragraphs. The aged ceUs, which arc relatively very numer- 
ous in yeast of this description, with their thickened membranes through 
which the fermentable fiuid does not readily pass, are, oven if their vitality 
be only dormant, manifestly less able to break such fermentable matter up 
within a reasonable time. 

And whether the young colls which such an enfeebled stock docs 
produce be Sacch. Eoc%guus, as used to be supposed, or whether the latter 
belongs to a distinct type, to be classified with wild yeasts, there can be 
little doubt that a number of cells are produced of relatively light specific 
gravity, a quantity of which remain in the wort, and either do not subside 
at all, or easily rise to cloud the beer upon the slightest increase of tem- 
perature or vibration. 

On the other hand, over-fed yeast, yeast clogged with nitrogen, is 
equally, without some special stimulation, incapable of performing those 
reproductive and fermentative functions which are so essential. Hayduck, 
who made exhaustive researches on this question, determinmg the nitrogen 
percentages most carefully, came to the conclusion that (1) The amount of 
nitrogen in pitching yeast increases with each fermentation ; (2) Increase 
of nitrogen up to a certain point increases the fermenting power of the 
yeast ; but (3) The capacity of the pitching yeast for assimilating the 
nitrogenous nourishment decreases as the yeast is repeatedly used — i.e., 
as it becomes itself richer in nitrogen- 

830 
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He accordi^ly recomm^ded pitohmg at a higher temperature than 
ordinary (he himself set his experimental worts to ferment at 63J® Fahr.) 
and aeration, especially the latter, seeing that the admission of atmoEfpheric 
air into worts during fermentation stimulates vigorous budding (as does the 
higher temperature to a less extent), and it is clear that the more 
vigorously yeast grows in a fluid containing a given quantity of nitro- 
genous matter, the more of the latter will then be absorbed, seeing that 
every yeast-cell formed requires some of it to form its protoplasm. 

The course indicated to remedy this phase of txirbi^ty, short of using 
acclimatised yeast derived from a pure culture, is to select yeast carefully 
(1) according to observed previous results — i e., eliminating for pitching 
purposes the yeast-crops of any gyle which has shown a marked tendency 
to yeast turbidity ; and (2) by aid of the microscope, viz., to use those 
yeasts only which show cells of regular size (this is much better than cells, 
some abnormally large, others below the average) with well-defined 
vacuoles and practically free from worn-out cells with dark and granulated 
plasm. Particularly should the absence of small cells of Sacch. Bx%guus 
be ascertamed. Of course, too, relative freedom from bacteria is essential, 
and this indeed is, to some extent, a corollary of yeast- vigour 

It has been suggested that in the washing of yeast we have a means, 
generally satisfactory in result, of sorting out the small cells and other 
impurities, and this apphes, not only to the small cells of SaccJi Extguus, 
but to others of a larger type which are weakened or dead, or to bacteria, 
fit will be noticed that even in the extremely thm layer of a microscopic 
“field ” the latter float at a higher level than the yeast cells do ] 

The success of the operation depends upon the greater specific gravity 
of the more desirable cells. The modus operayidi recommended is as 
follows Tlie yeast is to be mixed with a fairly large quantity of water at 
32° Fahr , in a special receptacle, with a tap (or taps at different levels) in 
its side. As soon as the largest and heaviest cells have settled to the 
bottom of the receptacle, the turbid water above must be drawn off before 
the myriads of hght cells and other impurities in suspension have time to 
settle. The precise temperature of the water is of importance , the yeast 
settles less readily in warmer water, and if suddenly chilled has a tendency 
to mass together, so that its cells cannot be sorted according to their 
specific gravity. 

Two objections to this treatment occur ( 1 ) If it be the practice to use 
unmverted cane-sugar to any extent, the yea/St being deprived of its 
invertase, degradation of the sugar* might possibly not take place. 
(2) The washing wfil lower the nitrogen percentage of the yeast (the said 
constituent in its compounds being very soluble) on which, up to a certam 
pomt, its vigour largely depends. 

[Should this be the case a remedy may be found in a preliminary treat- 
ment of the selected yeast — i.e., before pitching with it, but after the 
sorting-out process — ^with unhopped wort of fair gravity and m a shallow 
vessel. As a general rule, the wort should be hoil^ and filtered ; unboiled 
wort, so added, might have too stimulative an effect m some cases, deter- 
mining, as it probably would, some amyloin-degradation as well. Its 
proper sphere seems to be in a certain form of stubbornness to finin g 
influence — hardly turbidity in the strict sense of the term, but referred to 
under that due to proteins.] 
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TailndyiijrfromSaocli. Pastonanus, according to Hansen, is specially due 
to the sub-variety isolated as 8acch Pastorianua III., but it appears tliat 
where either sub- variety is in excess, the light spooifio gravity of the cells 
may cause a cloudiness more easily provoked (by vibrations, atmospheric 
changes, etc.) than allayed. 

Matthews and Lott say that a distinctly unpleasant smell and flavour, 
especially the former, which often accompany a Pastorianua fret, may pass 
ofl and be succeeded by a normal fining, with gas production and the 
disappearance of the unpleasant symptoms of Pastorianua growth. They 
point out that, beyond casual impregnation of the store yeast by wild 
yeasts, predisposing causes to an undue growth of Sacch. Paatorianua 
probably are — ^Insufficient attenuation and yeast-producti on, and further 
a combination of fineness and flatness at racking in conjunction therewith. 

Turbidity from Sacch. Ezigutis. — Tlie cause of this has already been 
indicated as the lighter specific gravity of tliis elongated yeast. The 
turbidity is prolonged and (according to tlio writers lately referred to) 
accompanied by marked flatness, which is probably not unconnected with 
its inability to ferment maltose 

Turbidity from Sacch. EUipsoideus. — ^This saccharomyccs, according to 
Matthews and Lott, “ is associated with cloudy frets and Hickno.ss,” which 
are often, but not invariably, accompanied by “ a stench.” Conversely, 
they say, a bad stench is generally marked by the presence of Sacch 
EUi^oideua. Their opmion is that a beer which has gone through a bad 
Sacch. EUi^paoideua fret may, if otherwise sound, become quite palatable 

(2) Turbidity due to Bacteria. 

The turbidity due to bacteria generally, unless in very aggravated 
cases, manifests itself in the secondary, ratlicr than in the primary stage of 
fermentation, and oftenest, perhaps, after a beer has been bottled without 
full preliminary storage. The turbid fluid, examined under the miero- 
scope, then appears to bo swarmmg with micrococci and aai cina-like foims 
{dijplococci and sometimes tciracocci), generally associated with Bacterium 
termo and rod-hke organisms. It is quite possible for sucli a boor, i n , one 
in which micrococci predominate, to remain, as it will, persistently turbid, 
and yet without developing excessive acidity ; to be, in fact, apart from 
its appearance, which always influences the palate, rather pleasant in 
flavour than otherwise. 

This form of turbidity, should it occur in bulk, is very difficult to deal 
with, the very shght specific gravity of the organisms koepmg them 
suspended, while their extreme mmuteness enables them to elude the 
coagulated network of finings. 

(3) Turbidity due to Nitn^euous Bodies. 

The knowledge of the nitrogenous bodies or albuminoids, possessed 
even by the best-informed, is oorifessedly meagre and wanting in exactness, 
but there is reason to suppose that the fact of its total nitrogen being 
either bdow or above an arbitrarily fixed percentage does not necessarily 
decide the fitness or unfitness of a malt for brewing. It could not be 
known without a series of difficult tests how that nitrogen is distributed, 
how much of it exists in the form of diffusible compounds, or compounds 
easily rendered so (amides, peptones), and which would therefore at a later 
stage be assimilable. It has been stated, indeed, that as little as 1*2 per 
cent, of proteids in the malt could suffice for yeast nutriment, if aU could 
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be utilised, but there is evidence (cf . p. 158), that a finished beer might hold 
a fair surplus of the proteid conversion-products in solution without 
affecting the briUiancy of the product, and even that the region of safety 
lies in having such excess in the less complex forms, in which alone 
assimilabUity exists. We know that persistent yeast weakness has 
occasionally to be met by adding to the wort some form of Yeast Food, and 
that the most effective of these are rich in peptones and amides ; whence 
it would appear that sometimes it is not a question of worts containing too 
much nitrogenous matter, but of not having enough in assimilable form. 

Probably albumoses — factors in head-retention as they are — need to be 
counterbalanced by the less complex peptones and amides, and even in 
excess of the calls upon them, as stimulants of reproductive and far- 
mentative power respectively, but it is not to be supposed that sharp 
conversion lines exist, as mdioated by these names. Intermediate pro- 
ducts of uncertain solubiUty appear to be formed in certain cases, ready, 
on the least disturbance of balance, such as abstraction of sugar by 
normal attenuation, development of acid, even of CO 2 , and last, but not^ 
least, reduction of temperature, to pass out of solution in the form of a* 
persistent haze. When malt becomes slack obscure changes occur 
affecting the proteins probably, and certainly increasing hydrolytic 
infiuences (more maltose in the worts), defects partially remediable by 
redrying and using immediately. Again, in lU-vegetated malts the 
proteins are likely to approximate somewhat to the barley type, to one of 
which, Mucedm, more soluble in hot than in cold water, in which it is very 
slightly so, the last runnings from “ the goods ” probably owe their 
gre 3 mess, which cannot be removed by finings 

Though exact percentages may depend on natural causes, much 
depends on the malting being in unison with tliese conditions — i e , to 
counteract their influence, when unfavourable, as tar as possible. 

A good development of acrospire and rootlets are undoubtedly favour- 
able indices, connoting relative elimination of albummoids ; but the 
writers think that the brewer is not without a further means of judging — 
VIZ., by observation of the wort’s saturation pomt with regard to the 
above-mentioned bodies. 

Seeing that these bodies are but slightly soluble m boiling water and 
insoluble in cold, it is probable that of two worts of equal gravity, the one 
which remamed clear (after bemg boiled) when reduced to say 160°, would 
be less rich in them than one which clouded at 170° or 180°, that is to say, 
that the saturation point (the temperature at which these albuminoids go 
out of solution) is in proportion to and in fact rises with the quantity of 
albuminoids present. 

A saturation-point, relatively high in temperature, accordingly indi- 
cates the necessity of replacing some portion of the malt, over rich in 
gluten and what not, by non-albuminoids, rice (flaked malt) and mvert- 
sugar. It 1 s a fact that light worts brewed with such materials, and under 
conditions such that no muoedin due to spaiging could have possibly found 
its way into the copper, can after a very short boil be filtered (just to 
remove coagulated albumen) into a test-tube, perfectly bright, and that 
they will remain so when quite cold. 

There is one type of turbidity, characterised by incomplete fining 
action — i.e., when upon addition of finings to a sample in glass, a sort of 
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break readily begins but does not continue to brightness, or at least takes 
a long time about it, smeary-looking particles attaching themselves to the 
side of the glass, while a powdery rather than a flocculent precipitate falls 
to the bottom. Even upon keeping, probably the resulting beer gets very 
little brighter, but iresponds to the action of finings in carriage casks, 
with, however, a large quantity of “ bottoms ” or “ pitohings.” 

This is the sort of turbidity that one is inclined to attribute to albu- 
minoid influence, and perhaps to those albuminoids once coagulated but 
afterwards re-dissolved on boilmg, the more so that it is characteristic 
rather of stronger beers, in which yeast reproduction is comparatively 
crippled, than of weaker quahties. Moreover, where such beers arc of 
r unning character it is often necessary to use a lower mashing heat than 
the corresponding weaker beers would require (m order to limit the amount 
of malto-dextrin of high typo), and the tendency of this is of course to 
increase the amount of albuminoid extract as well as that of tho free 
maltose. Thus the fermentation is made more rapid, ]ust when, as 
regards the removal of fine albuminoid particles, it ought to bo steadier. 

Any real difficulty from this source might be mot by very distinctly 
raising the mashing temperatures, so as to reduce tho amount of albu- 
minoid extract, subsequently addmg (if too large a quantity of malto- 
dextrin were likely to be present m the wort for early condition) cither cold 
aqueous mal textract (ref. p. 31 1), or treating the yeast before pitclimg with 
cooled unboiled wort of energetic diastatic quality, which will not only give 
it a good start, but will also, as the malt-extract docs, hclii to degrade tho 
malto-dextrins into primarily fermentable maltose 

Aeration, by stimulating yeast-growth, may have some good cfTect. 

The above suggestions will perhaps serve as a clue to causes winch, as 
yet, cannot be formulated with precision. 

(4) Turbidity due to Hop-resm. 

That hop-resin may be a factor in tho turbidity of beer, albeit only a 
secondary one, there is good reason to believe That is to say that, in a 
perfectly brewed and fermented beer, a slight increase in tho normal 
amount of hop-resin would have no detrimental influence, nay, probably 
might facilitate the action of finiiig.s, but in beer browed so tliat cask- 
condition does not readily set in and then only feebly, any excess or oven 
the normal amount of hop-resm may lead to a turbidity difficult to 
eradicate. 

The hop-resin appears to be in solution in tlie earlier stages of fer- 
mentation, but to pass out of it to a great extent afterwards, some holding 
that the closely associated essential oil determines its solution, others, with 
more apparent probability, thinking that maltose is the determining 
solvent, and that, as this is fermented away, so the resin passes out of 
solution, helping to form, as it does so, the discoloured mass of amorphous 
matter seen upon the surface of fermenting tuns. 

If this be so, there are more reasons than one why this form of turbidity 
should occur, as it does, in beers produced from a wort in which the ratio 
of free maltose was hi^ ; for not only will more thw-Tx the normal amount 
of resin pass into solution and then be thrown out of it, owing to the excess 
of solvent maltose present at first and then rapidly fermented away, but it 
will have less yeast to adhere to, and a lessened opportunity of doing so, 
because the yeast in a wort, with a high ratio of maltose, is so vigorously 
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e^aged in breaking up fibat readily fermentable eonstitaent as to have 
little tendency, comparatively speaking, to leproduotion, and moreover, 
on account of this fermentative activity, the yeast ■which is produced is 
more rapidly evolved than is ■the case when the wort-constituents are 
better balanced. 

According to any view too, including "the la'test ■theory of cask- 
conditioning, a wort in which free maltose ■was originally in excess, implies 
deferred and feeble secondary fermen^ta^tion, just where a good secondUuy 
fermen^tation is wanted to get rid of ■the hop-resin turbidity, which has 
remained over from the primary fermentation. 

Accordingly, -the plan to adopt where trouble of this sort occurs, is •fco 
endeavour to decrease ■the ratio of free maltose by naing higher Tnaahing 
hea^ts, which ■will have ■the effect too of determining a less rapid fermenta- 
tion, and ■the presence of those bodies which play a leading part in a 
satisfactory secondary fermentation. 

[Although the above seems the sounder view, certain authorities, as has 
been said, suspect the hop-oil of being the predisposing cause of trouble ; 
Balling holding ■that ■the resin is dissolved ■under the influence of the 
ethereal oil, and ■that, if ■the latter ■were absent, the hop-resin would be 
completely thrown out by fermentation ; Habich supposing that, as the 
hop-oil becomes volatilUed in fermen^tation and storage, 'the resin, 
deprived of its decomposing agent, separates in flne particles, which 
remain suspended in ■the liquid. 

There would be more grotmd for adhering to this view if it were found 
■that ales with the most hop-flavour at racking were specially liable to 'this 
form of turbidity.] 

To satisfy himself as to hop-resin being the cause of turbidity, the 
brewer may make a sample of his turbid beer alkaline ■with caustic potash 
or shake it up with ether ; in either case a removal of turbidity indicates 
hop-re.«tin as the cause, these reagents having no effect upon yeast- 
turbidity. 

[Messrs. Matthe'ws and Lott, however (“ On the Action of Finings,” 
Trans. Inst.Brewmg, iv. No. 8), do not consider hop-resin turbidity so 
productive of trouble in beer-fining as is commonly supposed, because 
although an apparently stubborn opalescence ensued if a drop or two of 
alcohohc solution of hop-resin were added to distUled water, yet on finiugs 
being added, perfect clarification, as their experiments showed, usually 
resulted. 

Decoctions of hops in water were for the most part stubborn in 
beha'viour with finings, which the authors attribute to the hop-oil in a state 
of minute subdivision. The same decoction added to beer, however, 
caused 'the finings to separate in a more bulky form, the beer above being 
brilliant.] 

(6) Turbidity from Dry Hopping (Hop-Sickness). — ^Thou^ only 
transient with wdl-brewed, sound ales, it may be far otherwise with those 
of less satisfactory character. This form of -turbidity should not in strict- 
ness be classed by itself, being partially due -bo some of the actual hop- 
constituents passing into -the ale in a state of semi-solution, but even more 
to fermen'tative piganisms, introduced "with even -the best of hops, and 
which accelerate the secondary fermentation. This acceleration, if 
excessive, may take the form of a persistent " fret,” frequently a-ttended 
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witli a disagreeable “ nose,” which, however, passes off imder favourable 
conditions. 

(6) Torbiditsr due to Amyloins of abnormally Low Type and Free 
Ualtose. 

This form of turbidity is most likely to occm in summer, when wild 
yeasts are plentiful. Those break down ilio amyloins (malto-dextrins) 
violently, not quietly as in winter, and accordingly fretfulness results even 
where the amyloins, though of rather low, arc still of perfectly normal t 3 rpe. 

It is supposed, however, that amyloins are sometimes formed of such 
abnormally low type (Maltose 19 1 Dextrin) that they are nearly as 
uniesistant to the influence of primary yeast as is maltose itself. Conse- 
quently the impetus given to any primary yeast remaining in suspension 
by the inevitable aeration at the time of racking will be quite sufficient 
to induce a tumultuous fermentation, without the usual pause for the 
secondary ferments to begin 

Again, it may happen that owing to some defect m the yeast, or more 
probably to undue viscidity of the wort (malto-doxtrin of abnormally h%gh 
t 3 q)e being present), which would hamper the yeast in its action, all the 
free maltose is not degraded at the time of racking, and thus when the 
suspended primary yeast is invigorated by aeration, there is a constituent 
at hand very susceptible to its fermentative influence. 

The presence of the low type amyloms referred to above would seem to 
be indicated when the primary fermentation is unduly prolonged, % e , 
when instead of the last head (in the case of skimmod beers) being taken 
off thirty hours, or at most thirty-six hours, from the time of the first skim, 
the skimming has to be continued nearly till the usual time of racking. 

In any case the immediate remedy should bo to uso largo quantities of 
pitching yeast (so that the low-typo amyloins may bo broken up more 
speedily) and to postpone, as far as iiossiblo, the time of lining, but rolling 
the casks about in cellar as often as possible by way of prtdumnary Wo 
are inclmed to think that the “ workmg-out ” systcmi ot fining would be 
better adapted than the ordinary method for this kind of turbidity, where 
early consumption is desired, but on this pomt practical experience i.s 
lacking. 

The cure of course is to bo sought earlier, and should turn, for running 
beers, on the employment of higlier but oveuly-dricd malts, albeit higher 
mashing heats are supposed to be an oven more potent factor for raising 
type of malto-dextrin. 

(7) Turbidity possibly caused by Mineral Matter in Suspension. 

Messrs. Matthews and Lott, in tlieir valuable and suggestive paper on 

the action of finings, pointed out the possibility (of which they have strong 
evidence, though not enough to prove it actually) of the turbidity of 
certain stubborn ales bemg due to the presence of very minute crystals of 
phosphate of lime and magnesia. 

Such crystals, they say, are discermble in some cloudy beers, and they 
find that obdurately dim beers are rendered much less so by applying a 
pressure of carbonic acid gas. The clearing that occurs cannot be due to 
solution of hop-resin or nitrogenous substances, the solubility of these 
bodies being lessened by acidity of the medium, but on the other hand, the 
phosphates spoken of are remarkably soluble in carbon dioxide. 

This view is countenanced by the fact that a dull beer, on becoming 
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brisk, will often oonourrently brighten, and they suggest, “ as a rider,” 
that the turbidity which bright beers acquire upon free exposure to the air 
may possibly be due to these same phosphates being thrown out of 
solution, in consequence of the escape of carbonic acid gas, the thereby 

reduced acidity. 

Ropiness. The Ropy Ferment. 

This very unpleasant phenomenon — ^whioh, at its worst, makes the ale 
infected with it pour out like castor-oil, or even hang in strings, as it were, 
from a stimng-rod that has been dipped into it — seems to be the work of 
an organism or organisms which convert the fermentable sugar of the 
wort into Mannite and a gum-like body known as Dextron, but not in any 
precise proportion. 

What these organisms are can hardly be unhesitatingly laid down, but 
Dr. Van Laer, Professor at the Brewing ^hool of Ghent, has identified two 
kindred ferments which he names respectively Bacillus viacostis I. and 
BaciU/us viscosits II., in the sphere of which sugar, contrary to the accepted 
view, plays an unimportant (1) part. We w^ return to these presently. 

Another organism which produces an analogous result in sugar 
refineries (whence its spores may easily be introduced into breweries) is 
Leuconostoc mes&nieroidcs, an organism which occurs in twining chains 
of colourless minute spherical cells, each cham being enclosed in a relatively 
thick gelatinous sheath of toughish character. 

This may be the chaplet form, which those following the earlier 
researches of M. Pasteur describe the ropy ferment to be. Others 
attribute the disease to Pediococcus cerevtsm, a sort of sarcina, which at 
any rate appears to be frequently present in beer so infected. And, 
accordmg to Lintner, the mould Dematium piillulans grown in beer-wort 
has the same effect 

All we can say with any degree of certamty is that beers in bottle are 
more liable to the malady than those in wood, consequently it is a fair 
inference that pressure stimulates the activity of the organisms, and that 
whatever the organism may be, it is capable of an anaerobic existence 

Further, ive find that ropy beers lose their excessive viscosity if 
kept till acidity develops, and with ropy beers there is generally a 
tendency towards excessive development of lactic and butyric acids, 
so we may conclude that acidity, as such, is unfavourable to ropiness. 

Again, lightly hopped beers are more liable to ropmess than those 
which are heavily hopped (well-hopped pale ales, perhaps, never go ropy), 
which may be connected with the general fact that an increase in the 
acidity percentage appears to discourage ropmess, or may be more due to 
the special type of acid, tannic, in which the hops are richest. The fact 
mentioned by Schutzenberger, that white wmes, which are poorer in 
tannm than red wines, are much more liable than the latter to be attacked 
by the malady in question, strengthens the latter view. 

Beyond a doubt the disease is the work of some organism, which gain 
a foothold through some uncleanliness, possibly beyond the brewer’s 
control {e.g., the earthy matter attaching to pigeons’ clawu has been found 
teeming with Sarcina germs, and they and other birds not unfrequently 
use the brewery as a resting-place). 

But piedisposmg causes seem to be the use of slacX: and inferior malt, 
insufScient hopping, and a degree of acidity below the normal, whether the 
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latter be reduced by a large proportion, of sugar used in browing, or (as is 
sometimes done) by the addition of relatively large quantities of unboiled 
liquor to the fermenting vessel for the purpose of making up “ length,” if 
a longer one than the coppers can efiectively boil is wanted. 

Possibly the vicinity of the hayloft may have some influence (chopped 
hay infusion stimulates growth of Sarcina, which also is encouraged by the 
neutrality or alkalinity of its medium), as it has in tiro providing of other 
disease-ferments. 

To return to Dr, Van Laer. In submitting to plate-cultivation a ropy 
beer deposit, in order to isolate certain micrococci, which appeared to be 
identical with Pasteur’s chaplet form, ho found that those cultivated 
mic cocci would not cause ropinoss, but that certain slender rods (1‘6 to 
2"4 long and O' 8 p in width) which were not at first suspected did 
cause it. 

These organisms, whose behaviour he found to differ in wort, though it 
was similar in meat extract, ho called respectively Bac%ll%is viscosiis I. and 
BacUhis viscoavhs II. Morphologically they hardly differ, unless it bo that 
the former is a shade the more slender of the two. 

Bacilhia viscoaus I., at the high temperature of 80J° Fahr., turned 
sterilised beer-wort ropy in 24 hours. In 48 hours it was as viscous as the 
albuminous part of an egg. Turbidity and a characteristic smell, with the 
liberation of much carbonic acid in the early stage, but losscning as 
viscosity increases, seem to be features of this fermentation With 
BaciJhts viscosus II. the evolution of carbonic acid gas was much loss in 
amount. 

Dr. Van Laer showed that a mixture of sucrose, peptone, and water m 
the proportions of 3 1 • 100, was rendered turbid and afterward, s ropy by 
the No. 1 type, but that typo No 2 only made it turbid, unless the acidity 
due to peptone were neutralised by sodic bicarbonate, m wbicli ease tyjie 
No. 2 was also capable of making the above-mentioned in ixture ropy. Ho 
also found that gypsum in the brewing water promoted the vigour of the 
organism in question. 

Jorgensen regards viscosity as a phenomenon nearly related to the 
commonly occurring zooglooa formation of certain bacteria. 

E. Kramer {Monaiachriftc fur Ghemie) says that the gummy body pro- 
duced during the mucous fermentation — viz., the substance CgHjoOs 
— can be isolated by precipitatmg the liquid with alcohol It is an 
amorphous white substance, quite insolublo in water, and capable of 
being drawn out into threads. Solutions formed by dissolving it with 
alkali are yellow in colour, but iodine has no action upon it, and from the 
alkaline solution fine white compound crystals can bo precipitated by 
alcohol. 

He maintains that the active ferment is a different one according to 
the constitution of the hquid in respect of acidity, — e.gr., (1) that liquids 
containing saccharose, having either neutral or feebly alkaline reactions, 
suffer it under the influence of BaciUv^ viscosus sacchari, an organism 
2*5 to 4 (X long, and 1 (x wide ; (2) That liquids containing glucose, and 
with acid reaction, suffer it from BaciUus viscosus vim, an anaerobic 
ferment 2 to 6 p long and '6 to *8 p wide ; and (3) That swoet liquids, 
with merely neutral reaction — c.g , milk — suffer it from a coccus about 
1 p in diameter. 
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Eramer’s views require ooiifirmatioii, but it is hoped that by their 
inolusion in the above abstract the ground "will be fairly covered. 

Yeast-bite and Good Hop Mavonr. — ** Yeast-bitten ” or “ Barm- 
stricken ” beers have been supposed to owe their disagreeable clinging 
bitter to some action of the alcohol in the beer towards the end of its 
primary fermentation upon the contents of the yeast-cell, an action 
mainly due to the high temperature at which it sometimes comes in 
contact with the latter ; and it must be admitted that cautious cooling, 
as soon after skimming as is otherwise prudent, minimises the risk of 
its occurrence. 

As a matter of fact, almost all beers, unless in very cold weather, may 
be attemperated twenty-four hours after the first skim, and pale and 
bitter ales somewhat earlier, without detriment ; indeed, some brewers 
advocate a slight fall of temperature while the yeast is coming off, assert- 
ing, too, that a preferable hop-flavour is secured for that class of ale with 
a ma ximum of 68° Fahr. ; and though it is difficult to lay down a hard- 
and-fast rule, the writers may state that their own practice is in general 
agreement with this view, providing always that the reduction in 
temperature is a natural one. 

IHirther, absence of aeration is allied to be a factor of some weight in 
yeast-bite, and the ales from one particular brewing centre are cited as 
characteristically affected in this way, as the writers believe without due 
warrant. 

It is precisely stated that the oxygenation which the cleansing process 
brings about is sufficient to obviate yeast-bite, whilst skimming in one 
fermenting vessel without special aeration after the wort has left the 
refrigerator, is alleged to bring it about. 

As to the value of this opimon, we can only say that we remember a 
year or two since tasting a large number of samples, representing every 
style of store beer, from one of the most important breweries w'orked on 
the cleansing system, every one of which was yeast-bitten, vhilst samples 
representing thousands upon thousands of barrels, in the production of 
which aeration after pitching is quite exceptional, come under our 
notice without being found to have a trace of yeast-bite. 

Moreover, Hansen’s pronouncements show the probability of yeast- 
bite being due not to ordinary yeast, but to one of the wild t3q>es asso- 
ciated with it {eg , S. PaMorianus /.), m which case the presence or 
absence of that, or a similarly acting type, is the all-important point, 
albeit prolonged high temperature in the alcohohc fluid may give a degree 
of importance to quite a small proportion of it, which with more careful 
attemperation it would not possess. 

Preservatives. — ^These afford defensive weapons of undoubted value, 
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alcohol or glycerine than in beer or water, and one of the former solvents 
has been used to permit of the acid being added in the more convenient 
flxdd form. 

Salioyhc acid is more costly and loss potent than bisulphite of lime. 
Used in excess it flattens beer, and this more pormanoiitly than the rival 
antiseptics. Many brewers have found that beers in which it has been 
used develop peculiar flavours on lengthy storage, probably owing to 
decompositions which the acid undergoes. [It has a very complicated 
formula, and is prepared synthetically from phenol — carbolic acid — or 
from benzoic acid, being thus allied to the benzene series, aromatic coal- 
tar derivatives. When heated it breaks up into phenol and carbon 
dioxide.] But that this is not always the case, oven with storage of some 
duration, it can bo said from oxpenenco. It is the best preservative for 
“pressings” in summer time. 

Bisolphite o£ lime (see Glossary) and K. M. S. arc both added at rack- 
ing (the former at the rate of about a quarter of a pint jior barrel), though 
it is sometimes recommended to use them, especially the K. M S , in tlio 
mash-tun too. The latter is in the form of crystals, and for addition to 
casks, the manufacturers prepare it in convenient tablets of different 
sizes, the smallest being just the size required for a pm. 

It is alleged that the potassic base with which the sul])hurous acid is 
combined in K. M fi. is more stable than the calic base of the bisulphite, 
and the recommendation to use eitlicr in tlio mash doubtless turns on the 
fact that a small quantity has a much more ofloctivo deterrent mfiuoncio 
on disease organisms (lactic and butyric) before their prodigiouH nniltiiili- 
cation begins, than a larger quantity later, but the quantity ho usisl is 
dissipated by the time the fermentation stage is reached 

What is known as the Bisulphite smell or stench, probatiiy brought 
about by tho reducing action of bacteria upon its sulphurous acid, result- 
ing in the evolution of sulphuretted hydrogen, is (if always attributable 
to bisulphite when it occurs) a drawback. But even then, parado.xical 
as it may seem, the smell may bo caused by using too little, ratluu* than 
too much, of tho bisulphite ; because as long as then* is sulphurous ae.id, 
free or ready to be liberated, tho reducing action is hold in check. 

Used in excess, of oourso, it has a similar destructive influence on 
secondary ferments that salicylic acid seems to exert, and flattens the bcc‘r 
to which it has been so added 

The Action of Froings. — The fining of boor — that is tho freeing it by 
artificial means of such suspended matter as interferes with its perfect 
brilliancy — is a necessary condition of modem comjictitivo trade, and 
the demand for a beer free from any acidity beyond what is normal and 
absolutely bnght Capital must be turned over quickly, and it will be 
neither profitable nor safe to allow beers, except in comparatively limited 
quantity, to clarify spontaneously 

The action of finings is not very perfectly understood, but much 
valuable light has recently been thrown thereon by Messrs. Matthews and 
Lott in a paper read at a meeting of the Institute of Brewing. Although 
we cannot pretend to set forth all the results given in their paper, which 
should be read by every one interested in the subject, a few points sum- 
marised will supplement what was said under this head in Chapter I. 
They first of aU made experiments to determine the best kind of acid. 
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and somewhat contrary to the general view, they found that sulphurous 
acid did its work (that of cutting the isinglass) rather more quicMy t.ha,r> , 
either tartaric or acetic acids, and confirmed what was known before, 
that finings made with it were the least liable to mildew. They also 
experimented with lactic acid, and found it markedly superior to acetic 
acid, whence they conclude that, in finiuga made with sour beer, the 
effective cutting agent is the lactic and not the acetic acid. 

[In one respect, that of clearness of the finings themselves, those made 
with lactic and acetic were both superior to those made with sulphurous 
acid.] 

The strength the add used appears to have a marked effect. Beyond 
a certain pomt (some *7 to 1% of SEaSOs) the effective cutting diminishes 
with the concentration of the acid. Undiluted commercial acid, for 
instance (7‘4% HaSOg), cut very slowly and gave a very thin solution. 
The authors say that about 1% of acidity (one gallon of commercial acid 
per barrel) at starting, and a finish of *2% is a good strength, i e , one 
gallon of commercial sulphurous acid, strength 7‘4% HaSOs, diluted 
with 6 gallons of water at first and made up eventually to 36 gallons. 
The quantity of isinglass, they say, should vary with the quality, 2f lb. 
of best Russian being ample and 3^ lb. of inferior kmds. 

In a sample of properly made finings the isinglass appears to be in a 
state of true solution (finings thinned with distilled water will pass 
through a filter paper), but a very shght alteration of condition is suffi- 
cient to throw ihe isinglass out of solution, and it is upon this that its 
fining capacity depends. The specific gravity of the isinglass particles, 
as thrown out of solution, is very close to that of the fiuid m which they 
are, and according to their degree of compactness, i e , according as they 
are just heavier or just lighter than the corresponding bulk of the liquid, 
so they will sink or rise m the liquid, carrymg with them more or less of 
the suspended matter, which mterferes with the brightness of the beer. 

And most brewers wifi, agree that the beers which give the most 
brilliant results are those in which the finings rise to the top of the 
fining-glass, after a very short stay at the bottom, carried up it may be 
by bubbles of carbonic acid gas , and if this be so, the more closely 
the specific gravity of the ismglass particles corresponds with that 
of the liquid, or in other words the finer and more widespread the 
mesh of the isinglass network (if the simile may be allowed) the 
better. 

Probably this rise to the surface is followed by a fresh descent, as 
coagulation increases the density of the floating fimngs, otherwise un- 
satisfactory results would occur on draught, such as do sometimes occur 
with mcomplete fining, when, for instance, the ale is drawn alternately 
brilliant and cloudy. This state of things, however, can hardly be due to 
the rise of the whole body of finings to the surface, and it may be taken 
for granted, from practical experience, that finings which rise en masse 
also settle in the same way. 

This delicate sensitive state of solution seems to depend upon 
the acidity of the finings, for if these are made slightly alkaline isinglass 
is thrown out of solution. This fact is of practical import, because it 
esplains why a cloudy beer, with a high percentage of acidity, is not 
likftly to finft readily. But it being manifestly impossible to make a beer 
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alkaJine, this separation of the isinglass (making it aot as an extremely 
fine-meshed net collecting particles of suspended matter) depends upon 
other causes whose action appears to be of a physical nature. 

For example, experimenting on the infiuence of suspended matter, 
Messrs. Matthew and Lott found that cooler grounds and boer grounds, 
diffused in water, ensured a rapid precipitation of the finings, their 
action beiog perfect if the finiixgs were somewhat in excess. Ordinary 
pitching yeast, suspended in water, was also got to fine perfectly, but 
washed yeast, free from bitter, was foimd, when no other matter was 
present, to be partially left in suspension, although it always caused 
coagulation of the fin in gs. 

Cfiay, powdered glass, asbestos, powdered or animal charcoal and other 
chemically inert matters, suspended in water, were also found to cause 
rapid coagulation of the finings, followed by speedy clarification Finely 
ground malt, they say, will cause a nice separation ef finings from beer 
which does not take them readily, and it is their practice, in getting 
stubborn beers or worts ready for the polarimeter, to add powdered 
asbestos and a small quantity of finings before filtration. 

The discovery of these facts is by no means without interest, because 
they help to explain why rolling about a cask — ^in fact, stirring up its 
sediment— of a beer which does not readily take finings, often assists the 
action of the latter materially. We say helps to explain, because car- 
bonic acid as in solution, or even more so when just liberated from it, 
materially assists the action of finings. 

With regard to the influence of mineral acids, they found that up to a 
certain point -4% (over the normal *1% of total acidity) of acetic acid 
did not hinder, but rather helped separation, whereas -2% of lactic acid 
did affect the efficiency of the finings. 

With regard to temperature, the experiments carried out show that 
finings cannot be expected to do their work effectively at a temperature 
below 60®. 

The authors summarise the favourable and unfavourable conditions 
as follows : — 


FaTomable. 

Dry hopping. 

Presence of a certain amount of sus- 
pended matter m the racked beer. 

The presence of alcohol. 

Presence of carbonic acid gas at small 
pressure, and in a state of hberation. 

Normal acidity. 

Soluble bitter and astringent hop 
derivatives. 

A rismg rather than a falling tem- 
perature of the liquid to which finings 
are added. 


Unfavourable. 

Unusual fineness at rack withou true 
bnllianoy. 

Flatness. 

Qreyness from imperfect or slack 
malt. 

Presence of bacteria (aotivo). 

Fret. Abnormal or unusually vigorous 
secondary fermentation. 

Excessive acidity. 

Excess of su^ouded yoast. 


Further, they state it as their opimou that fiiungs,f or which the isinglass 
has been out ” with sulphurous acid, give the best results with hard- 
water beers, while for those brewed with soft water, especially when th^ 
are running beers, finings prepared with tartaric acid, and still more 
those made with sour beer, answer best. 
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Methods of using Finings. 

Oooasionally, one sees paxagraphs or oommunications in the hre'wiag 
papers referring to “ fi ni ng in tank ” (i.e., settling or racking back) ; and 
where there is a very keen competition trade, and abnormal freedom &om 
“ bottoms ” is looked for, some form of preliminary fining may be neces- 
sary. Beer so treated, however, cannot be expected to rack brilliant 
(owing probably to certain previously soluble matters being thrown out 
of solution by oxidation), consequently re-fining is essential, and the 
freshly insoluble matter, forming the slight haze, will be generally suM- 
cient to cause the ismglass to go out of solution on the principle previously 
stated. 

Besides this necessity of double fining, there is the risk of unduly 
flattening the ale, as a remedy for which the addition of a little of what 
the Germans call Krausen (sometimes referred to in the English brewing 
organs as Kreising), viz., fermenting wort, may be found effective, but 
Thausing’s caution never to take Erausen from a weak fermentation 
should be borne in mind. 

The stnctly legitunate way of using finings is in the trade or carriage 
casks, and this, for running beer, divides itself into two methods ; the 
first, adopted in the majority of country breweries, being the “ fining- 
in ** process, which means that a quart, or sometimes less, of finings per 
barrel is added to the carriage casks (the beer contained in which must 
be perfectly free from “ fret ”), and thoroughly mixed by stirring or 
rolling. This addition may be made either before the casks leave the 
brewery (whereby a quart of beer per barrel is saved, no inconsiderable 
matter in a large trade), or, what is better for the beer, if done in time 
and properly, in the retailer’s cellar. 

The worldng-out, fining-out, or spuigiig-oat method is practised in 
some important centres, notably in London. It seems the one best 
adapted for a trade in which rapid maturity for delivery is aimed at {e.g , 
four days from start to finish), a result arrived at by arranging the mash- 
ing conditions so that the fermentation would, under any circumstances, 
be vigorous, but by the avoidance of any early check with the attempera- 
tor— the heat perhaps running up to 70° Fahr. before the gyle is discharged 
into a finishing and racking back, where cooling influences are first 
brought to bear. Such beer is, as might be expected, sent out with the 
primary fermentation hardly completed, and the finings, added in the 
publican’s cellar, and generally in excess, work out at the bunghole. 
bringing with them the sedimentary and suspended matter, which, it 
the “ in-fining ” method is adapted, must be got rid of before racking 

Fining Bitter anil Pale Ales. — ^Although, with stock ales now out of 
vogue to a great extent, the practice of fining these ales is growing, we 
cannot but think, where time allows, Ikat spontaneous clarifioation 
should not be interfered with. 

Anri the ale should be allowed to go throu^ all its cask-changes, 
spontaneous brilliancy at the end of them being the simplest criterion 
of ripeness for bottling. 

Even with the cheapest beer intended for bottling, some short stor^ 
is advisable, for if finings are added before the secondary fermentation 
has properly begun, ».e., at the time of racking, perfect brilliancy cannot 
be expected, the flavour of the added dry hops will not have become 
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diffused, and the result, even under favourable circumstances, will bo a 
modified failure. Such beer, even if bottled bright, is loss likely to remain 
so in bottle than a riper article would, and at any rate is certain to throw 
down a relatively heavy deposit which tells against it with consumers. 

Daily rolling about of the casks stimulates secondary fermentation, 
and consequently accelerates condition ; accordingly, fairly satisfactory 
results may be got with average woU-browed light beers, fined some 
fortnight after racking (though longer, of course, is better), provided 
spontaneous brightening have decidedly begun earlier, and especially 
if steps have been taken to secure quasi-maturity by foiling. 

lEhe foregoing considerations of course apply as well to casks intended 
for consumption from the wood (other tlian “ running ” beers) ; and 
tliough it is sometimes the practice to add finings, at tiic time of racking, 
to fibtkins of semi-stock bitter ale and all casks below that size, in order 
to avoid the necessity of drawing shives when they are sent out, it is not 
one to be much commended 

Besides, where hopped beers are rolled, as has been recommended, it 
seems better to do this before the casks arc loiijicd up for good, this 
allowing the hops to get saturated more sjieedily ; the rolling may then 
be renewed with advantage after the topping-up and final slaving. 

Before dealing further with the question of bottling, a few words on 
the storage and sampling of bulk becis will not bo out ol place. 

The temperature of file store cellar should not vary much from 65® 
especially for pale ales, though for running bc(‘r.s it may well be a degi’oe 
or two higher. It was pointed out m Chapter 1. tliat a due attention to 
storage temperature seems to dotormme flavour uiul condition in the most 
favourable sense. 

A further desideratum, too often disregarded, is that tlie eellars 
should be dry. Damp air not only rusts tho hoops of casks and causes 
the timber to perish, but, owing to its conductivity being greater than 
that of dry air, damp cellars arc less uniform in temperature than those 
freer from moisture Damp encourages the growth of mildews, and tho 
effect of these, even if not so markedly detrimental as that of bactciia, 
is none the less in a destructive direction 

Fdoas Spiles and boxing Cashs (Spiling). — Porous spiles, insetted 
through the shive in order to let off excess of carbonic acid gas, not un- 
frequently get their pores clogged by tlio dried froth which has worked 
through them (and still more by dirt if the casks arc idled about with 
the porous spiles in them), and so cease to act. Sometimes, perhaps, it 
IS fortunate that this is so, because porous spiles arc frequently left in 
too long. They should be replaced by tight spiles directly tho briskness 
of the complementary fermentation has subsided. 

There is considerable difficulty in doing tin’s when the ales arc stacked, 
the breaking down and remakmg of stacks being just one of those sorts 
of work that there never seems time for. Probably large firms would 
find their account in adoptmg an arrangement on the lines of that de- 
scribed on p. 362, whereby the making of stacks of any height is much 
facilitated. 

Sampling by boring and after-insertion of a spile is a crude method, 
which, apart horn the inducement it offers thirsty persons of lax morality, 
when they seek a cask-stave riddled with peg holes to insert one more 
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spile, has the further disadvantages that the ends of the spiles not only 
afford a harbour for filth, but that the timber of the cask, made jagged 
inside by constant boring, serves the same ill end. 

The holing is often carelessly done, too, especially outside the 
brewery, for example, in the edge of a stave, where the imperfectly 
rounded hole that is made cannot so easily be stopped by a spile. 

On the whole, the use of the little conical corks, known as “ tit-corks,” 



Bottling and Corking Machirw . The Natural Sybteni. 

seems preferable with a view to sampling. One, or even two of these 
can be driven into existing spile-holes, and when it is desired to sample 
the cask, forced into the latter by means of a spile, just as a tap-cork 
is at tapping by the tail of the tap. 

[When axe habitually unheaded and scrubbed before refilling, 

the spile-ends can be out off, but even then the objection to indiscriminate 

boring applies.] , * 

The BotOing of Beers.— The Natural System.— Whether a beer is brewed 
especially for bottling or if only a portion of a gyle is reserved for that 
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puipose, there are a number of essential primary and sooondary factors 
to be observed in order to ensure success. 

A correctly produced beer to meet the demands of the modem con- 
sumer should exhibit the followmg main characteristics. 

The flavour should be clean and free from yoastiness, with an apparent 
but not over pronounced hop aroma of a delicate character. The beer 
should be free from sweetness, drink full with a distinctive “ bite ” on 
the palate, carry a tenacious creamy head, possess a minimum of deposit 
above aU, a brilliancy that immediately attracts the eye of the 
discriminating consumer. 

To attain the standard of general character briefly outlined, the 
sdection of a blend of brewing materials is a matter which calls for care- 
ful consideration The malts must bo friable, of a tint not exceeding 
6 Lovibond, with a D.P. of 28 — 30, and while it is necessary that the 
malts should be full flavoured, it is equally of importance that they should 
not have been subjected to excessive kiln temperatures in the presence 
of moisture during the final stages, conditions of working which are 
evident in the flavour of the finished beer. As to the blond of malts, at 
least 26% of sound dry flavoured foreign should bo employed, together 
with at least a similar proportion of invert sugar. No more important 
ingredient than hops for copper and cask use — especially the latter — 
enters into the question of selection of materials for the brewing of a 
beer for bottling. A judiciously selected blend of hops is always pre- 
ferable, but especially is this advantageous in the production of bottled 
ales, and in the latter case the use of hops older than yearlings must bo 
avoided. The hop rate necessary cannot be calculated on strictly mathe- 
matical proportions, but for our present purpose it may be said that 
economy in the quantity and quality of the hops employed is an erroneous 
policy commercially, and technically unworthy of adoption. A muiiinum 
rate of 7 oz. of copper hops per barrel for every 10“ of original gravity 
collected, together with an addition to casks of 8 oz. per barrel of dry 
hops of superior aromatic and preservative properties and free from par- 
ticles likely to create “ floaters ” m the beer, may bo regarded as within 
the morgm of safety. 

Methods of working and every adjunct or medium that will ensure 
the refinement of the wort in each successive process should bo adopted. 
Apart from such considerations as loss of extract resulting from the 
hurried coUeotion of mash tun runnings, the wort should throughout bo 
brilliant. Parti-gyles are advisable as they permit of an arrangement of 
the several copper lengths in a manner which will ehminato the crude 
proteins and albeit starch in the primary and final runnings, the absence 
of which minimises the amount of deposit in bottle which is confined to 
the yeasts and bacteria, if any, developed and precipitated during the 
generation of condition in storage. Parti-gyles, moreover, allow of the 
collection of the entire hop sparge or " splash ” to the wort destined for 
an inferior quality drau^t beer of the running class. 

We are of opinion that superior general technical results obtain when 
the full amount of hops are boiled for the total period allotted, instead of 
retaining a percentage of the whole for addition 20 — 40 minutes prior to 
turning out or casting, a custom that is still, nevertheless, continued in 
Some notable breweries. Aroma is doubtless sacrificed by extending the 
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ebulition p^od to the full two houiis — the Tififl.TriTnnTin in our view — hut 
any attempt to retain the volatile aromatio properties can only he se- 
cured, if successful, at the expense of leaving undissolved the remaining 
essential principles of the hop. 

Copper finings is now a recognised media for the removal of matters in 
suspension in hot wort. There are hrewars who contend that this valuable 
refining material deprives the wort of a certain amount of yeast nutrient. 
Carrageen does not render insoluble, nor does it precipitate, substances in 
solution. It only acts on matters in suspension which, if permitted to 
remain would interfere with the ultimate production in bottle of a brilliant 
ale with a low amount of deposit. Instead of employing the crude carra- 
geen in large amounts better results axe obtainable from one or other of 
the preparations with this moss as a base, which are supphed by brewers’ 
manufacturing chemists. The cost is, moreover, infinitesimal. 

Brillianoy of wort runnings from hop-back with correct aeration at 
this stage, together with due settlement on coolers are essential factors 
in the brewing of ale for bottling Much has been written in respect to 
the type of yeast and system of fermentation regarded as the most suit- 
able for ales to be sold in bottle, but brewers, except those m an unusually 
large way of business, must of necessity adhere to the class of ferment 
and method of tun-room working which yields the best general trade 
results. 

Yorkshire and Scotch yeasts, being reproductive and therefore of a 
purgative and cleansing nature, are poor in attenuative properties, and 
it follows that the ales racked from these North Country barms are full 
and round on the palate and inchned to be mild if not actually sweet in 
flavour, characteristics which are opposed to the hght-bitter and dry 
beverage preferred by the consumer of bottled goods. The original type 
of Burton yeast is highly attenuative, and therefore lacks reproductive 
qualities, but the former attnbute can be modified, and the latter property 
increased by a study of yeast, its culture and functioning. It is possible, 
therefore, as the outcome of intelligent observation and the exercise of 
ordinary care, to secure a yeast that combines to some extent the repro- 
ductive advantages of the Northern type with the benefit obtamed from 
attenuations some\^ hat modified in this instance, of the Midland ferment, 
which together yields an ale eminently suitable for bottling, so far, of 
course, as a type of yeast can manifest itself in this direction. 

Whatever the class of yeast, kmd of plant or system of fermentation 
is in use, it is necessary to insist upon a correct settlement of wort from 
the close of fermentation, and that the finished article is racked in that 
clear, but by no means bright condition in which the beer exhibits the 
presence of yeast cells resembling somewhat in form a ‘ break.’ 

The custom still obtains in some districts of adding fin i n gs to the 
settling tn.nlr or to the vessel from which the beer is racked. This yields 
a brilliant and flat ale, but one that is, by reason of its brilli^oy and the 
absence of carbonic acid gas, especially susceptible to infection from toe 
a^ial micro-organisms which are seldom wholly absent from themajorify 
of racking rooms. The type and rate of priming should both vary accord- 
ing to toe season of the year. Priming in laigec proportion and of a 
more fermentable character is necessary during toe winter months than 
throughout the spring and summer. At all seasons a divitom of the total 
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sugar solution decided upon should be made, a portion being added at 
racking to stimulate early conditioning in cask, the remainder of the 
priming being added when the casks axe stillagcd preparatory to bottling. 
By tbia procedure, conditioning in bottle is considerably accelerated. 

A common error among the inexperienced is to bottle ale bcfoire the 
secondary JEermentation has reached completion in cask. It is argued 
that the stability of light ales is insufficient to permit of this penod of 
maturation, but unless a gyle of ale possesses sufficient keeping qualities 
to imdergo the necessary supplementary fermentation it is unfit for 
bottling purposes. Whatever tlie final attenuation of a beer may be at 
racking it will undergo a still further reduction of gravity in cask. With 
this additional fermentation a defimto proportion of nitrogenous sub- 
stances and resinous matter is thrown out of solution and is deposited 
in cask. It follows that with this diminution of the sugar content of the 
beer and consequent increase in alcohol, together with the elimination of 
proteins of dubious ultimate solubihty and resins, the beer is cleaner and 
more matured in flavour, general characteristics which make for the pro- 
duction of an ideal bottled ale. To attam the conditions first named, it 
IS necessary that the casks should bo rolled regularly in cellar. Tliis 
treatment considerably facilitates secondary fermentation, as it not only 
brings the sedimentary yeasts in continuous contact with the fermentable 
sugars present in the beer, but maintains the cask hops in suspension, 
thus permitting the diastase which the hops possess to act upon the 
sugars and renders soluble and semi-soluble the preserving, flavouring 
and aromatic properties of the hops. When the secondary fermentation 
is completed, a period dependent upon the original gravity of the ale and 
its opticity, the casks, with the addition of a further volume of priming are 
ready for transference to the bottling room Before doing so, liowcver, 
there axe periods of the year when it is advisable to adopt the precaution 
of removing the deposit from the casks, which precipitate consists in the 
main of primary and secondary yeasts together with lactic and acetic 
acid forming bacteria. The removal of this deposit can be readily 
accomplished by the use of a valench. 

The temperature of the bottling collar should be as low as possible, 
without resorting to the reduction of temperature by mechanical moans, 
an expense that need not be incurred. High temperatures would result 
in a further* conditioning in cask — ^to be avoided at this stage — and 
stimulate the development of disea.se-produeing organisms if still present. 
Low temperatures, on the other hand, prevent further fermentation and 
saturates the beer with the oaxbonio acid gas produced previously, which 
in this condition is carried forward to bottle. Formerly it was cousidorod 
that finings would not function at low temperatures, hut this theory 
has been disproved. While on the subject of finings, there is much to 
be said in favour of dispensing with their services, if a beer will drop 
bnUiant in cask without their aid within a reasonable period. Wlien 
isinglass is employed, its presence is evident to some extent in the deposit 
in bottle and it follows that the amount of sediment is reduced in some 
measure when the use of finings can be avoided. 

* With regtu^d to " ooxiditioniag” Beguard and Meliens liave shown that the yeasts 
are able to resist very strong pressures up to 1,000 atmospheres for one hour without 
killing it. 
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Directly the oojrfmts of the casks are “ settled ” and brilliant, the 
beer must be bottled and \rith expedition, no cessation of labour being 
allowed until the work is completed. Beer at this juncture is devoid of 
the protective influence of gas and is, therefore, peculiarly susceptible to 
infection from aerial micro-orgsuiisins. 

The bottles, we need hardly add, must be clean and dry, and the corks 
washed and rendered more maenablo to pressure by soaking in clean 
warm water which is, of course, subsequently drained off. Crown or 
crescent corks require no prdiminary preparation, but screw stoppers 
are a different problem. The rubber rings can only be effectively dealt 
with by removal from the stoppers, a rigorous treatment and laborious 
process, the adoption of which is fully warranted by results. 

Some bottle washing outfits include a mechanically driven steam- 
heated drying-machine upon which the cleaned bottles are placed 
immediately they leave the washing unit. The surface moisture is 
immediately absorbed by the anhydrous heated air passing over and into 
the bottles, which leave this final item of plant in a dry but warm con- 
dition, so that the bottles readily “ sweat ” in their transference to the 
bottling room, which, for reasons already explained, is maintained at a 
lower temperature. For this reason, therefore, the use of a mechanical 
driven dryer has been discarded in many bottlenes 

It is surprismg how little attention is paid to the matter of uniform 
filling by some bottlers, wben regulanty is so easily secured Manu- 
facturers ate always prepaied to supply pints or half -pints, securing that 
the ten or twenty-ounce capacity line reaches to within half an inch of 
the bottom surface of cork, crown, or stO£>pcr If this limit is exceeded 
the un'iightly film Mycoderrm Vmi has opportunities of development, 
even although every precaution is observed to obtain dry bottles and 
corks. To obviate the gathering of a film the filled bottles should be 
reversed or slanted in a maimer that permits of the beer absorbing the 
oxygen present in the space between the surface of the fluid and the 
cork. 

The storage room must of necessity be higher in temperature than the 
bottling cellar, such temperature it is generally agreed being between the 
limits of not below 60° Fahr nor above 65° Fahr It is impossible to 
state the length of period necessary to produce condition in bottle, as so 
many factors, adverse and favourable, are involved, many of ivhich we 
have endeavoured to explain There is the question, among others, of 
the amount and type of saccharine matter present m the beer at the 
bottling stage, and whether the temperature of the store is such that 
bottle conditioning is accelerated or hmdered. Light gravity ales in 
bottle reach maturity and drinking condition m from a third to one- 
half the period required by high gravity malt produce. 

Messrs. Bass & Company’s BotOing Instractions. — 

“ The proper season for botiling pale ale commences in November and 
ends in June 

“ Pale ale should not he bottled during the summer months, nor after 
hot weather has set in, even though the temperature should afterwards 
become cool. 

“ The ale should be placed, bung upwards, in a cool, wdl-ventilated 
store, about 60° to 66° Fahr. temperature. 
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“ If the ale should get into a brisk state of fermentation, a porous cane 
or porous oak spile should be inserted in the bung until the excessive 
fermentation has subsided, when a tight, close peg should be substituted. 

“ Alfl should never be allowed to become flat. 

“ It should be bright and sparkling when bottled, but not fermenting. 
The bottles to be corked directly they arc filled. 

“ In bottling, a tap with a tube reaching towards the bottom of the 
bottles should be used. 

“ When corked, the bottles to bo piled standing upright, and not lying 
on their sides. 

“When the ale becomes ripe, a sediment will be deposited in the 
bottles. In uncorking, be careful not to disturb it, but empty the 
contents of the bottle into a jug, keeping back the sediment.” 

A more convenient filler of bottles than the tap recommended is the 
syphon arrangement, made by several firms, by which four or six bottles, 
or even more, can be filled at once, the filling going on continuously. 

The piling of the filled bottles, standing upright, is of course necessary 
to avoid the formation of a sediment on the sides ; but the recommendation 
to do this at once is only actuated by convenience and to avoid double 
handling- Where the latter is not objected to it is certainly preferable to 
let the bottles lie on their sides for two or throe days, after which they may 
be stacked, standing upright. 

We cannot do better than quote the words of M. Pasteur (Etudes sur 
la Biire, p. 16), premising that the precaution seems more necessary with 
lightly hopped, low gravity bitter ales than with the stronger pale ales. 
Perhaps, too, it is not unconnected with the manner in which the bottling 
store is ventilated. He says — 

“ The bottles must be laid down at first after bottling for twenty-four 
or forty-eight hours, and then stood upright again. This is because the 
air remaining between the cork and the surface of the liquid might give 
rise to the production of a film of mycodorma (Pasteur says Jleurs simply). 
By laying the bottles down, the oxygen of this air gets absorbed by certain 
oxidisable principles of the liquid, and there is no further occasion to fear 
the film when the bottles are stood upright The latter, too, could not 
remain lying down longer without risk, because the complementary fer- 
mentation might burst the bottles. Moreover, if the bottles stand 
upright, the deposit forms on the bottom, and not on the sides.” 

We think that the benefit depends as much upon the fact that the 
aerobian mycoderma germs, which have begun to make good their footing 
on the moistened neck of the bottle, got submerged and killed, as 
upon absorption of the oxygen , but whatever the reason the remedy 
is good. 

[For cleaning bottles a weak solution of potash is very useful. The 
water used to rinse them should be cold, as the vapour given off by hot 
water condenses on the inside and does not dry readily. There is also the 
risk of breakage to be considered. Better even than this, I should like to 
see all bottles dried by a blast of hot air. Far too many ^mp bottles are 
fiUed.] 

The Forcing Tray is a means of testing the stability of beer, which we 
owe to Mr. Horace Brown of Buxton. Its usefulness comes in where large 
stocks have to be kept for prolonged periods ; for a “ hand to mouth ” 
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trade a simpler process of deteocnmung fitness (such as the one to he 
described hereafter) will amply suffice. 

The mode of manipulation is briefly as follows : — 

Sundry small bottles (Pasteur flasks), of which we will assume ten or 
twelve to be kept going at once, whose only available outlet is a glass tube 
bent downwards at right an^es to its first direction, are partly Sled with 
water, and the nozzles of the tubes being connected with a htwaII pipette by 
means of gutta-percha tubing, are separately held over a Bunsen. Boiling 
water and steam soon rush out, whereupon the point of the pipette is 
introduced into a portion of the ale to be tried, sufficient of wMch, of 
course, enters the bottle to fill the vacuum produced on the egress of the 
boiling water. 

The nozzles of the bottles, the tubing being disconnected, are then 
placed in a small basin of mercury, whereby they are, as it were, her- 
metically sealed. 

The bottles themselves stand upon a water-tray, i.e., a wide but 
shallow metal box containing water, and their temperature is maintained 
at a uniform heat, say 80° Fabr., for a fortnight, by means of a burner 
beneath. The supply of gas is regulated by a gas regulator (Reichert’s or 
Page’s). 

At the end of a fortnight the deposits are examined with a microscope, 
and according to the proportion of faulty types of ferment found, the beer 
is sentenced to speedy consumption or kept for stock. 

The above, albeit with risk of breaking some of the bottles, seems the 
better plan for insuring sterilisation of the apparatus, but some operators 
are satisfied to fiU the trial flasks direct from the fermenting vessels at the 
time of racking, of course only after a thorough cleaning of the bottles, and 
a preliminary rinse out with the beer under trial itself. pPor full details 
refer to Messrs. Matthews and Lott’s Microscope in the Brewery and 
MaUhouse, pp. 128-137. 

The simpler test for botthiig fitness referred to above is to catch a small 
portion, say a pmt and a half, of the beer in a thoroughly clean, clear glass, 
bottle and to put this in a water-bath, with a Bunsen burner beneath, 
regulating the latter so that the temperature keeps at a fairly uniform 
90° Pahr. Beer so treated, and which then throws down no deposit in, 
say, four days, may, unless some exceptional probation is awaitmg it, be 
bottled with all reasonable confidence. 

Carbonating, Chilling, etc. — These processes, introduced for competitive pur- 
poses, must be briefly alluded to. There are two ways of oarbonatuig beer, one in 
which a deflmte bulk of bngbt draught beer — e q , a hogshead or barrel, is charged with 
CO 8 from a cylinder of the hquefled gas and driven into the beer with strong agita- 
tion ; the other wherem the beer charge for each bottle is forced by a double-acting 
pump mto five times its own bulk of CO 8, after which, as air can be practically 
excluded, it flows without f obbmg into a bottle wherein a vacuum has been induced 
The cost of the added gas should not exceed one halfpenny per dozen. 

nhillingj followed by carbonation unless System 1 be adopted, divides itself into 
three methods : (1) Natural conditioning m casks of special strength, or sm^l vats, 
and subsequ^t chilling. (2) Slow chilling in large casks. (3) Rapid chilling in 
special apparatus. 

The object of chilhng is to precipitate matters only slowly removable by natural 
conditioning, or which might induce a haze at low temperatures ; these, then, 
going out of their normal state of semi-solution on strong reduction of temperature, 
are removed by filtration. Obviously method 3 is more speedy and much more 
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eoonomioal in plant, space, and costly insulation ; these considerations may outweigh 
the better flavour conierred by the natural conditioiimg of ifTo. 1 (handicapped further 
by the necessity of getting extreme and uniform condition for each cask) and the 
lower amount of shmy matter tendmg to clog the Alters, precipitated ns this is before 
fiUraHon, daring the lengthier chillmgs of 1 and 2. The cotton pulp of these filters 
must be removed and thoroughly washed between the operations, not merely rinsed 
by reveise flow of water, and the inlet should be 60 per cent larger than the outlet, 
BO that back pressure is maintamed and air excluded. 

The Wittemanil ro-sataiatii^ process, m which CO^ taken direct from fer- 
mentations, not denaturated by excessive compression, is used, with all its 
aroma, one fermentation supplying enough for eight, may indicate the system of the 
future for large plants. 


Bottling on the Extended “ Chilling ” System. — ^The boer selected for 
bottling is transferred to a conditioning vessel, generally composed of 

copper and fitted exter- 
nally with a pressure 
gauge, and to the beer 
finings are added 
“ Conditioning ” is per- 
mitted to generate there 
until a definite pressure 
IS reached dependent 
upon the trading cir- 
cumstances of the dis- 
trict, typo and original 
gravity of the boor, and 
other, and similar, in- 
fluonoing factors 'Che 
l)Oc*r is then subjected 
to an extended chilling 
})eriod, which primarily 
cionsists of passing the 
beverage over a brine 
refrigerator, the beer 
circulating one way and 
the brine another, the 
process in the course of 
time reducing its tem- 
perature from that of 
the room — maintained 
at approximately 56° F. 
—to 33° to 35° F. The 
beer then proceeds to 
the cold room, whore it 
remains for a day or two 
at 28° to 33° F. as re- 
quired. Installed in 
this room is an ammonia refrigerator and air compressor, the vessels 
m the room being, as in the case of those in the conditioning room, 
fitted with pressure gauges. From the cold room the beer, the main 
constituents of which, during the extended process briefly described, 
have been rendered insoluble by the influence of the low temperatures 
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employed, now passes through, a ICiefer or other filter from which it 
emerges in a^ brilliant condition and fully saturated with liquefied CO2. 
Upon removing the beer in bottle to normal atmospheric temperatures, 
the carbonic acid gas comes out of solution, condition is generated, 
and the beer is ready for delvery and immediate consumption if 
required. 

The Mechanical Production of Cold. — Space will not permit of an 
explanation here of the fundamental principles upon which the 
mechanical production of cold is base. Readers, however, 
will experience no difi&oulty in obt a ining a complete knowledge of 
the subject upon reference to any modern work on refrigeration 

Naturally Produced COa for Carbonating Purposes. — ^The day is not far 
distant, we think, when chemically prepared carbon dioxide for car- 



, A typical collecting Bdl Equipment m a large brewery. 

bonating ales wiU be entarely superseded by the naturally produced gas 
collected from the fermenting vessels of breweries . Scientists have proved 
that the gas evolved from fermenting wort differs in analjrtical compo- 
sition, physical characteristics, and in other aspects from the manu- 
factured COi. The gas produced during the slow oonditioniug of ales 
bottled direct from casks gives rise to no disturbing consequences to the 
consumer as compared with the effect produced from drinking machme 
made aerated beverages. Henriot, of Paris, has shown why this occurs. 
Naturally formed carbonic acid gas, he says, is totally different in its 
physiological action from the artifioiaJly prepared COa- The former is 
absorbed promptly, whilst the latter is with difficulty assimilated, and 
produces distention of the stomach. Practically there is little difficulty 
in recognising the superior value of beers charged withnatural gas. Some 
of the best brands of non-deposit ales on the market have been thus car- 

B.1C 
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bonated, and the establishments who have adopted this system are 
increasing in number. 

If the COa is collected from the F.V.’s at the correct stage, it will 
be practically free from air and the carbonating medium will thus 
possess the advantage of being devoid of atmospheric impurities. 
Natural COa from wort contains the arom'atio ethers developed 
during fermentation and these are re-introduced at bottling into the 
beer, increasing its palate-fulness and enhancing its flavour and 
aroma The gas should be collected at low temperatures and during 
the early stages of fermentation in order to obtain the highest 
type) of aromatic ethers. Care should be observed to avoid prolong- 
ing the collection of the gas until the late fermentation stages have 
been reached, the COg, from which will confer a yeasty flavour to 
the beer. The gas, moreover, should never be stored for long periods 



Typical anangomcnt of Compiossing and Stoiago J*lani 

prior to using, as after a week or so from collection the gas undergoes 
a deterioration in general character The plant is inexpensive to 
purchase, simple to work, and the expense of collection is virtually 
nil, nor does the installation necessitate any alteration to tho 
existing plant of a brewery. If the gas is required also for carbonat- 
ing mineral waters, it can be purified by passing it through a deo- 
dorizer, or be liquefied by a further compression process and charged 
into steel bottles for sale as “ bottle gas ” for industrial purposes. 

A “ Nitrometer ” for estimating tho air and other gaseous impurities 
present in COg collected from F.V.’s can be obtained, with full instruc- 
tions as to its application, from any scientific instrument manufacturer,. 
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The Management of Beer in Brewery Cdlars. — Bievolutlonaxy changes 
in. theory and practice have occurred in brewing during the past twenty 
years as in other professions. An example of this may be quoted from an 
article which appeared in a work published in the early ’eighties den-ling 
with the question of racking. “ It is of great importance,” the writer 
states, “ to allow beer after it has ceased working to flatten. This is 
fulfilled by leavizig the casks open ; the time suficient for this purpose 
must be regulated according to the temperature.” Indeed, some of the 
brewers of the Victorian era, in order to secure for their produce a thorough 
“ flattening ” resorted to re-racking the beer frequently. That con- 
tamination from air-bome organisms attend the exposure of beer has now 
been proved. Aeration at any period subsequent to the close of the 
primary fermentation is fatal to the stability and brilliancy of the finished 
beer, and there is no necessity to expose the contents of casks m cellars to 
the influence of an atmosphere of doubtful purity from the racking stage 
until the beer is actually placed before the consumer. Priming, finings, 
colouring, and beer for ” topping up ” can, by employing an injector, be 
pumped through the spile-hole, a method that serves the threefold purpose 
of securing a thorough distribution of the various additions to the bulk m 
cask without the beer being exposed to the air, involving risk of infection 
and loss of CO2. 

Apart from the consideration of other factors the essential properties 
in present-day ales are briUianoy and condition, both of which qualities 
may be lost by want of knowledge and the exercise of care in cellar 
management In South Wales and other industrial districts the principal 
demand is for mild ales which are forwarded to customers on the day of 
racking. The addition of cask hops to beers of this character would not 
only result in a waste of expensive brewing material, inasmuch as the beers 
would be consumed before the dry hops could yield up the constituents for 
which they were employed, but a further loss would occur by the hops 
absorbing beer which could not be recovered by the pubhcan. Obviously, 
true secondary fermentation does not take place in beers of this t3rpe and 
condition in the correct sense of the term is not secured The agitation 
and shght aeration which accompanies racking acts upon the COa carried 
forward from the tuns at that stage, causing the gas to come out of 
solution, which enables the retailer to present the beer to the consumer in 
a pleasing and palatable condition. In the production of quick running 
ales of this class the cellar management in the brewery consists merely in 
observing that the fininga and priming are accurately added. With 
regard to the latter, if the correct type and quantity of sugar is employed it 
will enhance the appearance and “ head ” of the beer and considerably 
increase its palate-fulness. Many brewers in the districts ref erred to add 
both finiTiga and priming through the bunghole of cask prior to com- 
mencing racking. The practice of adding priming in this manner serves 
its purpose, and is labour-saving, but the casks should Iken be rolled to 
distribute the sugar solution before the finings are injected. By pumpii^ 
the latter through the spile-hole a certain degree of air-pressure is 
created in the cask, which is not lost when the beer reach^ the 
consumer. 

While the output of the districts we have been considering is mainly 
confined to quick-irunning ales supplied to the public trade, the produce of 

A A 2 
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the typical country and city breweries is composed of a greater variety of 
brands distributed usually over a wider area to private as well as public 
customers who demand t he flavour and bite which accompanies true 
secondary fermentation. Considerable skill must bo exercised and care 
observed in the cellar management of beers for this class of trado in order 
to retain and promote condition throughout the long periods during which 
the casks remain on draught. Much, of course, depends upon the selection 
of brewing materials and the methods of manufacture adopted with a view 
to obtaining a finished beer, the residue of which at racking is not of a 
readily fermentable type. 

Cask condition in cellar should not occur under any circumstances 
before a week from date of racking if the beers are expected to exhibit the 
general characteristics of somi-stock ales for any length of time, while 
being drawn upon by the consumer at irregular intervals All casks for 
this trade should after reaching the cellar be subjected to rolhng for several 
days in order to break up and soak: the added hops, and to bring the cask 
yeasts mto contact with the residual sugars present in the beer. The 
correct amount of condition to be generated in order to obtam the best 
results while on draught depends upon the season of the year , bearing in 
mind always that the finings to some extent adversely affects condition 
Beers which m brewers’ parlance are “ on the move ” are not in a suiK- 
ciently advanced condition to withstand the flattening influence of finings 
together with the much greater chilling effects which result when beer is 
forwarded to the trade during the winter montlis. 

On the other hand, the extent of cask fermentation first dcscnbecl is 
ample if beers are delivered m warm weather, especially li the amount of 
condition is assisted by priming We advocate the employment of 
correctly selected sugar solutions for promoting and maintaining con- 
ditionin beers for every description of trade In the ease of exceptionally 
light ales in which large priming rates are permissible, the sugar solution 
should be added in portions as to onc-haU at racking and the baUuice at 
forwarding. With beers of 15 lb to 17 lb. gravity a fouith of tlie total 
priming arranged for should be added at racking, and the balance when 
delivery takes place. The full amount of sugar solution should be added 
at this stage to beers in excess of the gravity named 

Part of the regular duty of the foreman cellarman is to observe that 
none of the stock under his care should be allowed to generate excessive 
condition in the brewery, which results in the reduction m the typo anil 
amount of unattenuated sugars in cask upon which we depend, apart from 
the priming, for sustamed condition while on draught. This should only 
occur in well-managed establishments during unespoctod periods of 
lessened output and then only m respect to beers of high gravity of winch 
only small gyles are now, unfortunately, produced. The viscosity of the 
finings diluted and ready for use should be subjected to a weekly control by 
the aid of a simply understood instrument procurable for the puipose from 
any brewers’ soientifio instrument dealer. A correctly cut sample of 
finings when freely diluted with water in a glass contains no “ floaters ” or 
particles of unmodified isinglass. It is a common mistake to suppose that 
if an increased quantity of finings is employed the clarifying of stubborn 
ales is facilitated. The maximum rate of ^uted fining s which should be 
added to cask at any timp is one quart per barrel. Any excess of this 
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quautity creates an excess of bottoms and involves the ris!k of the solution 
of finings re-dissolving and prodnoing a haze in the beer. 

In breweries where several classes of beers are supplied in casks of 
various sizes it is essential to adopt a system of weekly stock-taking. This 
consists of recording in a book specially ruled to contain the items of every 
brew in the cellars, and carrying forward the amount of each. To this 
aggregate amount is added the quantities of beer expected to rack from the 
fermenting or settling vessels. The total is summarised imder separate 
headings and the weekly sales of each type of beer are readily calculated 
by the following method. To the previous week’s smnmary is added the 
net volume m tuns of any particular brand, from which is deducted 
the total summarised stock of this beer for the week under review. The 
adoption of this procedure entails very little labour and serves several 
purposes in connection with cellar management. It is best to record the 
total stock and sales up to and including the Thursday of any week- With 
such a book of reference before him the brewer can observe at a glance 
his several stocks and total sales, which he can compare with the 
corresponding periods of preceding years. From this record the brewing 
requirements for the following week can at once be arranged, and the best 
methods of disposing of any surplus units of stock can be considered. 
Occasions arise when there is a lowered demand for any particular brand or 
size of cask, and in order to maintain all stocks of a uniform pre-arranged 
age at time of forwarding it becomess necessary to work off this surplus in 
other beers The contents of these casks can be blended when rendered 
bright with younger produce of a similar gravity or, m the case of heavy 
ales to beers of a lower gravity, and preferably of a running type. 
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Ch OIOSS OF SiTSS ^PuBOHASBS Olt HlRSl OF SlXISTIlTa BltESWEHir ^ToWEn PuiNOIFUB 

SXIMI-ORAVITATIOIT STRTTOTTOAIi BSSESTTIAES ^LaBOXTE. Sa*VMUS STACKING 

Apparatus — ^Flooksno — ^Wblls — Pxjmcps — ^Transmission of Motion — S iiAsriNa 
— -OoTTPriiNo — OiiiTTaH: — OEC bys, eto. — Wheel Work and Belting — Preserving 
Bex/cs — Screws — ^The Boiler ane its Fittings — ^Mechanical Stokers — Bngine 
— Sack BCoists — Screens — ^Liquor Backs — ^Malt-Mills — “ Jacob's Baeeers " — 
Grist Cases — BIxternal Mashers — Hakes — ^Masii-thns — Coppers — Under Back 
AND Hop Back— Coolers — Atomising Plant — Climax Aerator — Hefrioerators 
— Ice-Making Machines (Compressed Am : Absorption Compression : Vacuum) 
— ^Fermenting-Tuns and Fittings — Cask-plant — Cask-cleaning — Hints on 
Cleanliness. 

AiiTHOuaH tlie uiidoubted tendency is for existing breweries to bo closed 
rather than for new ones to be started, the latter possibility is not so 
inconceivable that a few truisms need be out of place. Let us “ convoy ” 
a few of them. 

The Choice o£ the Place in which a brewery is to bo erected is one of 
the main points to he considered. A suitable locality is one where there 
is a demand for good beer, through the scarcity of breweries in the neigh- 
bourhood able to produce it. It is hard for a now concern to make its 
way when surrounded by long-established breweries of higli reputation, 
with a connection already formed, and it is, in fact, only rciidorecl pos- 
sible by the production of an extraordinarily good, or a Bi>ecially cheap 
article. Good means of oommumoation, it is true, tend to neutralise the 
effect of this crushing rivalry, by enabling the brewer to send his beer to a 
distance and thus widen the field of his operations. JBui, on tho other 
hand, the difficulties of management and the risk increase tho more lie 
has to depend upon distant markets. 

The fact that raw materials of first-rate quality, especially barley, arc 
to be obtained in any neighbourhood, may help to recommend it for tho 
site of a brewery, but should never be made a consideration of paramount 
importance, as they can be conveyed much more easily from placo to 
place than the beer that is made from them.’*' 

I will now quote from one of us words which will apply to tho erection 
of a brewery for an existing trade. 

** It may seem superfluous to insist on the necessity of a copious supply 
of pure water, yet how often is this essential left to chance * 

''A dry and airy site should he selected, with a good natural fall for 
drainage purposes, and heed should be given to the configuration of the 
ground so as to utilise elevations for portions of the structure, whereby 
the advantages of what is known as the gravitating system may ho 
attained at a lesser outlay in bricks and mortar. Cellarage may bo made 
much more cheaply under certain circumstances than under others, for 

TiLausmg, Die CTheorie u. Praasta der MadzbereiVvmg u. BterfcLbrikation* 
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utstance, by tumxelling into the side of a chalk hill, instead of excaTating 
deeply into a piece of level ground.” * 

Chalk "with its excellent self -supporting power is not always attain- 
able, and therefore another relatively cheap way of forming effective 
cdUarage, capable of supporting great weights, may be named. It 
avoids, too, the delay of excavation at the outset, and expense of 
building strong brickwork piers and arches. The material used is 
concrete, t 

Deep ixenches are dug, lower than the required depth of the cellarage, 
and these are filled with concrete. The surface of the spaces between is 
then rounded to form the curve of an arch, and the whole covered with a 
thick layer of concrete. The soil imdemeath can then be left until the 
cellarage is wanted, or excavated as soon as the concrete is thoroughly 
dry, the building proceeding aU the time. A span of fuUy ten feet is 
safe ; indeed, the writer has seen concrete arches, supporting considerable 
weight, of nearly twice that span. 

Another useful way of emplopng concrete for cellarage is to construct 
the outer walls in 4J-iuoh brickwork, with occasional rows of headers 
(i.e., bricks placed endwise), filling up the interspaces between wall and 
earth outside with concrete and arching over by means of curved corru- 
gated iron springing from transverse girders, the whole being finally 
covered in with a substantial thickness of concrete. This method 
will be found particularly suitable for cellarage tmder large malt- 
houses. 

What has been urged respecting the erection of new breweries also 
holds good in the purchase or hiring of an already existing one, with the 
additional necessity in the latter case of considering the producing 
capacity, the condition of the buildings and machinery, whether the plan 
on which it is laid out is satisfactory and its several parts suitably 
arranged. The reputation of the brewery, moreover, is by no means a 
matter of indifference A bad name is one of the most difficult things 
in the world to overcome, and prejudices continue rampant long after 
all justification for them is past. 

If space allowed we should dwell on this important point at some 
length, albeit somewhat beyond the scope of this work. We must 
limit ourselves, however, to one hint — viz,, that the status of any 
brewery may be gauged by the statits of its ‘‘tied” houses, and 
accordingly intending purchasers should demand a complete history 
of every such house and Us barrelage. 

A flourishing brewery is one which has its tied houses let at reason- 
able rentals to responsible men, paying regularly for their goods and 
at full local prices. 

* “ Papers on the Modem System of Brewing,” Brewer's Guardian, 230. 

t Concrete is an artificial stone (said, in fact, to be half as strong again as Portland 
stone) composed of a mixture of Portland or other cement with gravd, sand, powdered 
gramte, etc., so tempered as to set in a hard mass. Concrete blocks, e^h weighing 330 
tons, have been used, while bridges and houses have been made of it all in one piece. ^ 

Eor cellar floors the cement ^onld be mixed with plenty of burnt brick ; burnt brick- 
earth rather broken bnck-bats, or the clinkers from gasworks. This cemmt always 

dries rapidly, and when hot from the works does so with such speed that there is no time 
to apply it properly, and fresh water must be added, to the detriment of its cohesive 
stre^h. In such a case the addition of a little old beer materially delays the drying 
of the cement. 



360 


BREWING AND MALTING 


For further suggestions we must refer our readers elsewhere. 

Finally, when a suitable site has been found and the question of 
ways and means duly debated and sifted, on what principle is a 
brewery to be built ? The gravitating, or tower principle is un- 
doubtedly the best for moderate-sized and small plants, though to 
enable, as its name implies, the whole process of manufacture to bo 
conducted without the necessity of once pumping the wort, the 
buildings for a large brewery would have to be carried to such a 
height as to render its adoption there impossible. 

The increased initial expense is also a drawback, so is the difficulty 
of afterwards enlarging a brewery oonstruotod on this principle. On 
the other had, its undoubted advantages are the entire sui)preBsion of 
wort and beer pumps, and indeed the relatively small amount of 
pumping required altogether. 

Accordingly for large plants a combination of both plains is 
advisable, — viz , the semi-gxavitation principle, where only one 
pumping of wort takes place. This involves in the case of a (50 or 
70-quarter plant a height not exceeding 36 foot for the main walls of 
the brewery, and of 65 to 60 feet for the more elevatotl ^lart where 
the cold-liquor back is placed. 

An arrangement which seems as good as any is obtained w ith a line 
of rails running the whole length of the racking and loading-up cellar, 
and close up to the boiler-house to enable coal to bo easily unloaded. 
There will be a through draught across the coolers, and no great 
masses of brickwork to prevent the steam from getting away from 
the copper-side in certain states of the wind. 

The cellarage beneath the racking and loadmg-out stage is siipposc'd 
to be excavated some six foot, and the latter to bo rai.s(*d enough 
above the ground level to make it oven with the floor of tlu* friicks 
which come up alongside There will, of course, bo several iloors 
for loading into the latter, and if the distance between the rails and 
basement is so arranged that the side flaps of the trucks ar(‘ siqi- 
ported in the doorways, they will prove a convenience in loading. 

The most crying essential is good drainage, and it is ((into possible 
and much to be recommended in constructing a new brewery not to 
have one s%ngle drain within the structure, but to carry all the 
putrescible ofi-scourings of tho various vessels to the outside by 
means of very deep wooden shoots This is quite feasible, .and is 
done in one large brewery within the writers’ knowledge. 

The next thmg is, insist on all shafts, dutches, and mortise-wheels 
beii^ made accessible. Brewery architects apparently like to tuck these 
things, especially the latter, neatly out of sight ; they are quite capable, 
for instance — ^mcredible as it may seem — of so designing tho shaft which 
drives the weU-pumps, that if the wooden cogs of tho mortiso-whool, 
which is keyed on to it, break (and they always go several at a tinio), it 
cannot be raised for the purpose of moving tho wheel, but has to bo 
drawn out bodily. This is an operation which consumos much time. 

Haylofts and Oat-stores, if still used, should on no account bo any- 
where near the fermenting-room, and it would be better if tho prevalent 

♦ A pamphleii "The I!inanoial Hements of Brewing,” by Mr. W. W. Tngall, of 22, 
Moorgate Street, Obartered Accountant, is instructive on this and other points. 
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winds did not blow from them towards the brewery. Hay teems with 
the spores of bacilli, and the light dust from corn is hardly less fertile, 
so that if stores for them adjoin the fermenting-room, pure yeast is not 
to be expected. 

In constructing a malthouse connected with the brewery, ample bin- 
room for malt should be provided. For example, in a 60-quarter house, 
making a rather long season, four 350-quarter bins are not enough to 
keep different qualities of malt separate, especially if the season is begun 
with a bin or two of old malt in stock. And indeed if one hurries on to a 
just filled-up bin in order to get it empty, nine times out of ten it is not 
the oldest malt at the bottom, although the opening through which it 
passes is there, which is got, but a mixture consisting largely of hot malt 
from the top, the tendency being for a funnel-shaped depression to 
form, down which, after the first start, the upper part of the bin-contents 
comes down before the lower. 

[As these bins will often be fitted up by a local carpenter, it will be 
well to have a formula for calculating the weights sufficient to break the 
supporting beams, premising that no beam ought to be subjected to more 
than one-fifth its breaking weight, 
b X d^ 

The formula is -- ^ s=breakiiig -weight in cwts. where b = breadth 

(in inches), d = depth (m inches), 1 = length (in feet), and s = the strain, 
the latter varying with different timbers, being as 5 for oak, and 3 for 
Riga fir ] 

Bins are often made without due regard to the hygroscopic character 
of malt, and to the fact -that slack malt — say malt containing over 5% 
of moisture — is very detrimental Good sound well-stored brewing malt 
contains 2% to 3%. 

To prevent greater absorption of moisture than this, a precaution 
would be to line the bins with zinc or sheet-iron, but in reasonably dry 
positions wooden bins alone, made of seasoned material and -well-tongued, 
give satisfactory results. 

If a Screw (Archimedean scirew or “ creeper ”) is to be fitted up for 
bringing over from the malthouse the malt required for each brewing, 
care should be taken that the light metal blades, which are bolted on to 
the central revolving shaft, work with such accuracy against the bottom 
part of the cylindrical tube, which encloses the whole, that practically 
all the malt shot into the malthouse-hopper is brought over for crushing. 
Supposing only a depth of half an inch is left unground along a length of 
say 70 feet, that is an appreciable quantity, and a good portion of it is 
doubtless introduced into the next grist in an extremely dack condition. 
The latest method of conveyance is to blow the malt direct to the nul l s , 
where prior to the grain reaching the hopper it can be automatically 
weighed. 

The IMhilt-nulls should be so arranged that the grist need not be carried 
up to a very great height, or have a great fall into the grist-case, the ten- 
dency in such oases being to separate "the hus ks from the fiour. If this 
separation is excessive it causes bad drainage from the mash-tun, and what 
are known as “ dead mashes.” 

Fixed pipes, without faoihties for admitting steam, or a-t any rate 
copious supplies of boiling water, into -them, should be avoided j and 
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whereyer it is possible, there should bo unions for the easy disoonnootiou 
of lengths of piping. 

Three-throw pumps are not supposed to stand steaming (and therefore 
rotary pumps have been recommended for moderate lifts), but this is 
mainly so when the buckets are of leather ; there is no reason why with 
care (introducing steam fairly high up, and, if necessary, just covering 
pumps with liquor) the wort-mains, fitted with them, should not bo 
steamed. 

Where steam is used for boiling wort and liquor there should bo a 
anABmanny of dieck valves. It is, for instance, most inconvoniont to 
have only the ordinary steam valves attached to the liquor-l)acka available 
to shut off steam therefrom, for supposing that the thread of one oC them 
gets so worn that aU at once it wiU not hold, it will bo impossible to re- 
move the valve for repair, or to insert a now one until the entire browing 
is ended. 

Convenient Labonr-saving arrangements are — 

1. A Descending Platform for Lowering Casks from the racking fioor, 
and in connection with this a light lino of rails, laid on a gentle incline, 
so that the casks may roll away by their own momentum directly they are 
lowered. Directly the platform reaches the ground, a triangular tiloek 
of wood juts up through a hole in the platform floor, and tilts tlio cask ofT 
This triangular block of wood may bo made to turn through a right- 
angle so as either to direct the cask on to the lino of rails, whieli will 
probably cany it to some distant store (say under an adjoining malt- 
house) or to push it off into the collar where the platform actually 
descends. 

The platform itself works between guides, and is supported hy strong 
chains passing over a roller and having a weight at theur otiuu' end, just 
heavy enough to cause the platform to rise when unloaded, though of 
course the added weight of a barrel of beer is enough to makii it d(>seend 
To prevent this descent being too rapid a brake is fitted to the roller, and 
from the lever-arm of this a rope hangs within easy reacsli both of tim 
racking fioor and of tho platform itself, so that a man, standing on either, 
can with ono hand stop tho barrel midway, and so ngulate tlio ])aco ot 
its decent. 

2. A Cask Hoist, consisting of two cndloss chains, iiicluied at an angle 
of 45° from the floor whonoo the casks have to bo raised Paim of horns, 
one on each chain, occur at intervals, and as tho latter revolve, conio up 
from beneath a platform at the foot of tho apparatus and catch up any 
cask which has been rolled there for that purpose, and convoy it to tho 
higher floor. The chains revolve round drums keyed on to sluirt shafts, 
the upper of which has a “ puUoy ” on it too. To this upper pulley 
motion is conveyed by a bolt from a largo shaft ovorhead, and of course, 
when the hoist is not in use, tho belt is shifted on to a “ loose pulley.” 

Hydraulic lifts cam be used if there is a good water prossuro. Ono 
finn that the writers know of utilises the company’s water passing to 
their liquor backs in this way. Electric lifts are, however, gaining in 
favour as they possess local advaaitagos over others, all worthy of 
consideration. 

3. Stacking apparatus in the Store itself. — N long horizontal rod or 
shaft spans the entire width of the store and has wheels at either ond of 
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it, which Tun. smoothly on. two rails, that, high overhead, skirt the longer 
walls of the store. A wheel of larger diameter, fixed on the centre of 
the rod, makes the latter revolve wilh it when set in motion by the ptillmg 
of an endless chain, which passes round its deeply grooved circumference. 
This central whed can be kept in position by a number of light steel rods 
converging from its circumference to some point along the rod on either 
side. 

When the endless chain, previously mentioned, is pulled one way 
or the other, the whole apparatus moves backwards or forwards with 
the greatest ease to any desired point. An arrangement of pulleys and 
ratchet-wheel then enables a man to raise a barrel, slowly but surely, 
to the required height. The writers have seen a store-cellar where casks 
are “ ridden ” ten or twelve high by means of this appliance. 

[An adaptation of this apparatus has been found useful in malthouses, 
for moving green malt considerable distances.] 

4. Traps in the bottom of the mash-tun for shovelling out grains, 
which are to be conveyed into a grain tank outside by an endless belt, 
or what is far more durable, by two endless gun-metal chains working in 
a shoot, atiH having upright pieces of wood fixed on them transversely 
at short intervals. 

6. A direct connection between the hop-weighing room and the 
copper-side by means of a shaft, closing with a door on the copper stage 
and with a trap-door on the floor above. The hops, weighed up m bags, 
are thrown down this, and even if there are several different quantitiM 
they can. be thrown down in the reverse order to that in which they will 
be required, so that the bag which will be wanted last lies at the bottom, 
and the one which will be wanted first at the top of the heap, and so on. 

Minor, but far from unimportant points are : — 

1. That the fermenting room should have its windows facing north 
■fif possible [wmdows of southerly and westerly aspect have to be shuttered 
up in summer time] 

2 The walls, where the “ thrust ” of weight above is not excessive, 
should be made hollow, and this is especially the case in fermenting rooms, 
where the conditions favouring growth of mildew ought to be as restricted 
as possible. To this end glazed bricks as a Iming for the walls are highly 

recommended. , . „ i 

3. Roofing, should generaUy speaking, and especiaUy over coolers, 

be of tiles, which do not cause such rapid condensation of the vapour 


“ square ” of the former being 
” of the latter, and more- 


given off as slate roofs do. 

[Pan tiles are better than plain tiles, a 

hardly more than half the weight of a “ square . i 

over the studs or knobs, which catch upon the supporting batt^, are 
less liable to perish than the pegs or pins used to retam plam tfies and 
slates in a similar position. The curves of the pan tiles form channels 

for the rain to run down to the gutters.] , i. . < 

4. The roofage area can be uialised for the collection of soft water for 
the boilers ; but the tank in which such water is stored should neither be 
far from nor much below the level of the donkey-en^ wM^ pumps all 
water (except that which may be carried in by an iiqector) into the boiler. 

Hooring of Clellars.--The large flagstones, at one time so much us^ 
for the flooring of racking ceUars, have now got into disrepute owing to 



364 


BREWING AND MALTING 


the fact that, unless of great size and oxooptionally well sot, they become 
loose, with the result that liquid and yeasty matter of a very offensive 
character accumulates beneath them. Amongst the best materials are 
either asplialto, which the writers have known to withstand the stress of 
ten years’ hard wear without needing repair, or granolithic paving 
material, which would probably not cost more than half as much as 
the asphalte. The granolithic is unquestionably a splendid material 
(excellent for malthouso floors too), and can ho formed into largo slabs 
capable of sustaining considerable weight 

Cheaper but nevertheless lasting flooring cjui bo formed of Portland 
cement concrete, prepared as previously dircotc<l, the final face being of 
the same material, but rather finer in texture, and apphcii in tlie form of 
grout, i.e., in a freely liquid state, and finished off quickly. Such a floor 
might, on an emergency, bo fit for use in two days from comjih'tion 

The hard dark-colomed bricks, such as are used in stables, make a 
flooring cheaper almost than concrete They can bo laid “ on bed " or 
“ on edge,” the latter where a smooth surface is desiretl. Hut to make a 
thorough job of the floor there should be an understratum of coiuinde, 
or failing this, the soil beneath the bricks should b(‘ w(‘ll ramnu*d aiul 
bottomed with stones 

The Well. — ^In the arrangement suggested ior a 7()-(iuart<‘r bn*wt‘ry 
the well IS planned within the four walls of the brewery, and if room ctaii 
be spared there for withdrawing buckets, rods, etc , when lU'ei'ssary, 
the nearer it is to the engine the better, and a sheliered jiosition lendeis 
the blocking of the rising-main by frost less ^irobable than it might 
otherwise be. In the case of Artesian well tho iiumps may b(‘ phu'eil 
in the actual boro tube, the well being beneath tho engiiu'-room, and 
traps being made in the floor to got at the working parts 

We must, however, confess to a preferonco for an mdependiMit pump- 
ing arrangement in tho shape of a gas engine, wbieli is sjwedily got, to 
work (m a minute or two at the outside), awl the cost of which after the 
first installation is comparatively trifling 

Such an engine is also very useful at the motive power of th<‘ barley 
hoist or of the elevator carrymg malt just thrown olt kiln up to Inns iii 
the adjoining malthouse, seeing that these calls, coming at, irr<*gula,r 
intervals, sometimes cause inconvenience and iuk‘rru]>t tlu* rt'gular 
routine of brewing operations when they arc made upon t-ho ordinary 
steam motive power of tho brewery The same remarks apply with 
equal, if not even greater, force to electric-motors wh ich are now (‘xtrenu'ly 
reliable, installed at a lower cost in comparison with gas engines, while 
electricity for power purposes is now obtainahlo from local municipal 
undertakings at charges which, although in some instances nominally 
high, have many advantages over every other power system avail- 
able. 

Various methods o£ supporting the sides o£ wells are rcoommcwlcd, 
the old method of steining with brickwork being somewhat siiporscdod, 
amongst which may be named (1) Steining with concrete, i.c., a wooden 
drum being let down as the excavation proceeds the interspace between 
the side and drum is filled up with oonorete. (2) The employment of 
ready-prepared concrete oylinders, which may bo of large diameter, e.g., 
4 feet, and which, as excavation proceeds, carry themselves down by 
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their O'vm weight. (3) The employment in a similar way of oast or 
wrought-iron cylinders. 

The driving of side headings, especially in the chalk formation, has 
already been recommended (Chap. III.), but where there is a reasonable 
chance of tapping a good spring, albeit at a considerable depth, it is 
usual to excavate the first part, say for 100 feet or so, and to bore the 
rest, the barrels of the three-throw pumps, prolonged by stand-pipes, 
which come well above the highest water level, being fixed at the bottom 
of the excavation, or as an alternative the pump-barrels may be fixed 
so as to be above the water level, but with a suction-pipe gomg down- 
wards and fitting into the bore-pipe itself. 

Pomps, as usually fi.tted in breweries, are either suction, or rather lift 
or force pumps (three-throw pumps giving a continuous stream), rotary, 
or centrifugal. 

The three-throw pump is merely a triplet form of the common pump, 
the buckets, fitted on short rods known as plungers, working downwards 
in the barrels, and there being a valve or “ clack ” m the lower part of 
the plungers on which the buckets fit. There is also a clack m a distinct 
chamber at the lower part of each barrel, and this opens upwards in 
response to the suction caused as the plunger is drawn up, admitting 
liquid to fill the vacuum As the plunger descends agam its valve is 
forced open, the hquid rushing through it, but closes again directly the 
plunger begins to ascend. Thus at each downward and upward stroke 
the three plungers force upward as much liquid as can occupy the space 
between them and the bottom valves or “ clacks ” There are also three 
delivery valves m the box to which the upper parts of the barrels are 
bolted, relieving the plungers of the pressure of a high vertical column of 
liquid An air chamber of copper, at the base of the rising mam, mmi- 
mises the pressure on the pipes 

The alternate or successive motion is got from a crank with two deeply 
U -shaped bends (and which is best made of wrought iron, though very 
large cranks are sometimes ca.st) forming three curves, on each of which 
one “ throw ” is fitted. 

These are practically the only pumps of the three sorts named which 
can suck, and they are therefore used in weUs , they am also used for 
pumping wort from hop-back to coolers, there being an impression that 
rotary pumps have, compared with them, but inferior lifting power. 

However incorrect this view may be, rotary pumps certainly have 
but very mconsiderable power of suction, unless fitted with a “ foot- 
valve,” and must accordingly be placed below the level of the liquid 
they have to raise so that it may flow into them, but, when fitted with a 
foot- valve, it is said that they are capable of drawong water some twenty- 
five feet. 

Rotary pumps may be made in the form of an elliptical case with two 
flattened sides, through the latter of which two spindles pass, closer to 
one another than to the rounded ends. On each of •fcese spmdles is a 
wheel with four cogs or less, gearing into each other in the centm, and 
working closely against both the rounded ends and the^ flattened sides of 
tbft case. The liquid, compressed by the outer oo^ directly they begin 
to come together, is prevented from escaping, otherwise than up the out- 
let pipe, by the gearing of the cogs in the centre. 
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Sometimes they arc made with a single spindle on which a disc of 
metal is keyed, this disc Imvmg four deeply U-Khaped cavities lu its cir- 
cumferenoo. In each of those a cylmdrie-al roller, very nearly as long as 
the case is wide, is placed, and those, of course, rotate with the metal 
disc, at the same time rovolvmg on their seating, so that wear and tear 
of parts is equalised as much as possible. The centrifugal force, driving 
these outward, forces them closely against the inner circumforoncc of the 
pump-ease, and thus they drive before them any liquid rising into the 
hollow case, and force it into the corresponding outlet pipe in its upper 
part. As many as 400 revolutions per minute may bo advisable with 
these pumps, but they will do their work with much slower speed. 

Centrifugal pumps act somewhat diiloi'cntly, and ]XKj[uiro a high rate of 
speed, at least 700 to 800 revolutions a minute, which speed is got by 
having the drivnig belt pass from a largo pulley on a shaft, revolving at 
ordinary pace, to a very much smaller pulley on the spindle of the pump, 
whereby the speed of the first shaft’s revolution is multiplied by tlie 
number of times that the diameter of the largo pulley cxcoeds that of 
the smaller. 

The construction of the pump is as follows In the middle of the 
case into which the inlet pipe leads is a relatively small wheel, revolving 
with the spindle, and this wheel is fitted with a number of bent pacldlo.s 
These, as soon as the fluid flows in, seize hold of it in their rajud revolution 
and dash it by centrifugal force against the inner circuraforenco of the 
case, whence it flies off, at a tangent, up the outlet pii)c. 

(It will be remembered that a tangent is defined as a straight line 
touching a circle, but not cutting it, as is the case with one at right> 
angles to the latter’s diameter, and the pipe in question is placed at a 
tangent to the circumference of the pumji-casc ) 

Before we touch upon the vessel in which the motive powi^r is 
generated, — viz , the boiler, — lot us devote a few pages to motion in 
general, and the way in which it is transmitted, for tiic benefit of the 
inexpert. 

Motion may be transmitted (1) By geanng, or (2) By belting, and, 
as a matter of fact, a combination of the two is generally adopted. 

With the former a breakage, though of comparatively rare 
occurrence, is a somewhat serious matter, involving stoppage of 
operations for a shorter or longer time ; with the latter it is generally 
merely the lacing of a strap, or maybe the strap or belt itself, which 
can be promptly put to rights. 

It IS true that a pulley (see lower down) sometimos breaks, if 
habitually subjected to great strains, but oven a risk like this may bo 
cheerfully faced, if the precaution has been taken to have split-pulley 
duplicates for important points. (A split pulley bqing one that has 
been oast in halves, so that it can bo slipped on and the two halves 
bolted together, without the necessity of moving the shaft on which 
it has to be “ keyed.’*) 

In either case Shafting — a main shaft and a number of other 
shafts-— will be required, and these, though wrought iron is the better 
material, are very usually cast. !For the convenience of fixing, 
twenty feet is generally the limit of length, and where longer lengths 
are required Couplings are resorted to. These may bo either per- 
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manent or movable (where the shafts are to be frequently discon- 
nected) . 

Of the first class are the solid coupling or boz-btitta the flange and 
the claw-coupling — most suitable for small, medium and large shafts 
respectively. 

When the box -butt is used, the ends of the shafting are swelled 
out, both to enable the key- ways to be cut without weakening the 
shaft, and also in order that the box, which of course has to be of 
the same diameter, or only a fraction of an inch larger, may slip 
over collars on the shaft. This makes them clumsy for large 
shafts. 

In flange -jointing the flanges are also keyed on, and the bolt- 
holes must necessarily be exactly opposite each other. A drawback, 
both of this and of the former, is their rigidity, which becomes 
apparent if the shafts were originally badly adjusted, or have got 
out of truth by wearing down of the hearings, or, at least, which 
would become apparent with heavy shafting. Light shafts “■ give ” 
a little. 

Claw-coupling is effected by means of two solid castings, the one of 
which has two or more projectmg, square-ended teeth corresponding to 
hollows in the other. Their cen'^s are so pierced that they can be 
slipped on to the shaft-ends, they are then fitted closely into one another, 
and held in their places by stout sunk keys, forming, as has been said, 
the strongest coupling for large shafts. 

Of movable couplings — i e., where the shafts have to be frequently 
connected and disconnected — ^the clutch is the most usual It is, in 
effect, a claw-coupling, save that, mstead of both of the claw-castings 
being fixed by keys, one of them shdes upon its shaft and is held in its 
place, as long as the temporary connection is wanted, by some simple 
mechanical means. 

Keys, of which mention has been made, are w'edge-shaped pieces of 
metal, generally steel, used to secure wheels, riggers, etc., on to shafts, 
and they may be either hollow, flat, or sunk keys. The former are only 
adapted for light work, seeing that their imder surface is rounded to the 
shape of the shaft, and that it consequently only acts by friction. Their 
chief recommendation is that the wheels, etc , fixed by them, can be easily 
shifted from one position on the shaft to another, which is not the case 
with either flat keys, which are flattened at the bottom, and fit closely 
on to a flat place filed on the shaft, or with sunk keys, which have a 
“ key-bed ” or “ key-way ” filed out for them m the shaft itself. 

The latter, accordingly, is the best kind of key for fi x ing wheels sub- 
jected to heavy strains ; the flat key is more used for securing pulleys 
(driven by belting) and wheels where the strain is light. 

The key is also “ sunk ” into the boss surrou ndin g the “ eye ” of the 
wheel or pulley, and it is in these, and not in the shaft, that the taper, 
corresponding to the tap^ of the key, should be made. The keys, of 
course, are driven home ti^t. 

Sometimes a pulley, etc., may be required to slide alo3ag a shaft. A 
groove of the required length is then out in the shaft, and the key slides 
with its pulley or wheel, being either dovetailed into the boss or having 
a head which fits into a round hole in the boss of the whed.. 
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Bearings * are the siirfsioes of contact between a shaft and its support, 
and they may bo bushes (hollow cylinders of brass, stool, etc , in which 
the shaft revolves) or journals, consisting of movable pieces called steps, 
the better arrangement when the friction is considerable. 

Hununei-blocks or Pedestals are a form of support for a shaft, con- 
sisting either of a standard bolted to the frame of a machine or con- 
nected with it by a bracket. The upper part of the pedestal is hollowed 
out to receive the bearings (stops), and above these a cover is }>laccd and 
bolted down to keep the steps in position — i.e , the top stop in, contact 
with the shaft. Oil-cups, or bettor, self-acting Lubricators, are fitted 
on to the covers or caps, and oil- ways out in the steps to carry the oil 
down to the shaft, where it comes ui contact with them. 

A familiar instance of plummer-blooks are the uprights supporting 
the bent crank of the three-throw pumps, attached to the hop-back, 
but the brackets which come from the walls in different jiaits of the 
brewery, and support the shafting, are virtually, though not iioininally, 
plummor-blocks too. 

Shafts are kept from moving lengthwise from tlieir bearings by collars 
fixed on either side of the latter, and those may ho cither cylindneal 
pieces of larger diameter than the shaft and welded to it, or where such 
an arrangement would prevent the fixing of wheels or pulleys, loose 
CoUaxs, attached to the shaft by means of a screw, are used 

Bearings are fitted with lubricators to minimise friction, hut where 
pressure per square inch is excessive it is found {teste, Mr T box in Ins 
rather technical book on miU-gearing) that the oil is sipit'ezed out, so that 
the contact virtually becomes that of metal with metal. In sueli a easi* 
increasing the diameter and widtli of the hearing may have a good efleet 
because, although the total pressure remains constant, it is distriluited 
over a greater number of square inches On the whole, liowiwi'r, increas- 
ing the diameter alone does not diminish tlie ti'iidency to heating , for 
although the pressure will bo spread over a greater iiumhiT of sipiare 
inches thereby, the velocUy of the moving parts is also gnnitly 
increased 

The plan, therefore, whore heatmg is feared, is to increase the wulth 
of the bearing, and with high speeds this should sometimes lie to the 
diameter in the ratio 6 . 1, whereas 3 : 2, or an oven lower ratio, is 
usual in ordinary cases. A wide bearing wears more evenly than a 
narrow one. 

Where the driving is done by gearing, wheels of various kinds all 
provided with teeth are employed, but whore the connection from 
shaft to shaft is by belting, the latter is slipped on to pulleys or 
rii^eis. 

[It may be mentioned that the wheel or pulley, from which the motion 
is transmitted to another wheel or pulley, is termed the Driver, the second 
wheel or pulley being the Follower.] 

Spur-wheels are those used to transmit motion from one parallel shaft 
to another (though, of course, if the shafts are very far apart, belting must 
be resorted to), and by giving suitable diameters to the respective wheels, 

* Tbe term is not limited, however, to surfaces of contact with rotating pieces. It 
is used in connection with to-and-hro movement — e.g., slide-bars of engines, or wilh sorew- 
movement. In the latter case the bearings are “ nuts.” 
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the rate of revolution for the respeoiave diafts can be made to vary 
at will. 

^ Spur-wheelfl have either iron or wooden teeth (cogs), in the latter case 
being mortise wheels, and the distance from centre to centre of the adjoin- 
ing teeth is known as the pitch of the wheel. A convenient ratio of pitch 
to length of teeth is 4 : 3 (mches), but rather closer than that with smaller 
teeth. 

There is a technical difference of opinion, whether pitch is to be 
calculated as a straight hne or chord from centre to centre, or as a curved 
line or arc. But the latter seems the better plan, as then the diameter of 
the wheels is in exact ratio to the number of teeth, which is otherwise 
not the case.* 

Where shafts cannot be fixed parallel, but can be so placed with regard 
to one another that their ends come almost into contact, the shafts bemg 
also in the same plane, motion can be transmitted from one to the other 
by means of Bevel wheels. [Belting is, of course, an impossibility.] 

Bevel wheels, then, are wheels shaped upon a cone with the apex out 
off (they are the frusta of cones), and ^ve teeth running along the latter 
lengthwise and gearing mto the teeth of the other apex-less cone. When 
the shafts are at right angles, so that the bevel-wheels are of equal size, 
and would, if a fiat sketch of them, with the apex of the cone thrown in, 
were attempted, be represented each by an equilateral triangle, they are 
Mitre-wheels. 

But for one purpose of the brewery, in which translation is generally 
from one shaft to another at right angles to it, viz., for driving the mashing 
machmery inside the mash-tun, deeply toothed wheels, one of the usual 
type, the other a Core-wheel (i e., one with cogs at right angles to its 
diameter), will be found most convenient, as they can be readily thrown 
in and out of gear. 

Mortise-wheels are the wooden-cogged wheels (hom-beam, with a 
transverse strength about three-tenths that of cast-iron, is the usual wood), 
which gear in with iron wheels. They are used for well-pumps, etc , to 
munmise noise The teeth of the aU-iron wheel are usually shorter than 
those where iron works against iron, because the cogs have to be made 
relatively thick for their length, and consequently the iron teeth, which 
gear in with them, must be proportionately slighter, which, were they of 
the usual length, would involve weakness. 

The relative thickness usually is three-fifths the pitch for the cog and 
two-fifths the pitch for the iron tooth. The cogs are cut out square at 
the lower end, where they are driven into the mortises of the wheel, but 
where they gear in are slightly taper 

Wheels are sometimes bonded — i e., the teeth are protected by a 
flange, coming up to part of the length of the teeth, say up to the piteh- 

* The diameter of a wheel is got by imaguung the lattOT’s “ pitoh-oircle,” » e . r^ardmg 
it as a plain cylinder, driving its adjacent wheel (considered as another plain cylinder) 
by friotaonal contact. The pitoh-cirole is practically near the middle of the length of 
the teeth, rather above than bdow, and its diameter may be got by multiplying the 
number of teeth by their pitch and dividing by 3- 1416 (ratio of dronmfeience to 

taken as 1). Thus the diameter of a wheel with 100 teeth and 2 inch pitch = J3-416 

s 63‘66 inches at pitch-lme. 
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line, li the flange oomca up to tlie points of tlic tooth, the si>uoeH between 
the latter become, in effect, rnortisos in the face of the wheel. 

With wheels of equal strength shrouding is of no value, liccauso 
obviously only one of the pair can bo shrouflccl, and their combined 
strength is doternuned by that of the weaker niorabcr. Moreover, for 
reasons too technical for insertion here, shrouding does not always iinjiart 
strength. Its chief value is to reduce disiiroportion of strength, whicli 
occurs in certain cases, if tlio correct forms of teeth have been adherotl 
to — e.gf., when a small pinion is working with a rack or large wheel. In 
such a case shrouding the teeth of the former may increase their strength 
very considerably. 

Other things being equal, the power exerted by a wheel iiicreasos with 
the number of teeth in gear at the same time. 

deaiance is the portion of the pitch which, the tooth gearing-in does 
not completely fill, and which is allowed for slight errors of worknianshi]). 
With mortise-wheels little or no clearance is ni^eessary, as the cogs can be 
trimmed to fit accurately. 

Motion transmitted by Belting. — ^Thc mctliud has coitain advantage's 
over wheelwork, where space is not particularly linuk'd— viz . Kconoiny ; 
Power of putting shafts any distance apart within reasonable limits (nor 
does variation of distance alter rate of motion) , I jossi'iied i isk of hreakagi' 
(a sudden stram which might break wheelwork only oaust's a licit to sliji 
on the pulley). 

Pulleys or Kiggers (as the whcel-hko pieces on which btdts tuni an* 
called) arc generally curved on the surface of contact with the hclt, so that 
the greatest diameter of the pulley is in the middk' of its biciwlth 'FIu' 
curve is about half-inch per foot of rini 

This helps to keep the belt central on the pulley, tho k'lidc'iK'y of the 
moving belt being to rise to tho pulley’s highest part 

The rims of pulleys arc turned after casting, wh ich makes thi'iii balan<*i‘ 
better. It will bo noticed, too, that the arms arc somi'tuiu's curved, a 
form which gives best to tlio contraction oi the run, as it c.ools afk'r 
casting, but otherwise straight arms, if properly prfqiortioned and ol oval 
section, appear to be tho strongest. 

Split pulleys have already been referred to 

A loose pulley is one runnmg free upon a shaft, and is useful for taking 
belts when not m use, to avoid friction of their edges. Such a pulley should 
have its boss made very deep, equal at least in width to its nm, and bushed 
with gun-metal. 

It may be made to act as a fast and loose pulley alternately, in situa- 
tions where it is inconvemont to slip a bolt over a revolving fast pulley, a 
lever from some accessible place actuating it. 

Belts, or bands, are fastened by lacing or riveting. Kxcept where it 
is desirable to avoid any momentary friction beyond what is inevitable 
and necessary, the farmer is tho bettor plan, enabling bolts to be easily 
tightened when they stretch, as new belts, at all events, will. 

When the shafts are wanted to travel in tho same direction tlio open belt 
arrangement is adopted, but when the shafts have to turn in contrary 
directions the belt is crossed. Tho crossed bolt brings a greater amount 
of its surface into contact with the puUeys than the open bolt arrange- 
ment does, and this gives a firmer grip. 
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A belt will always slip jSrst on that pulley the smaller arc whioli is 
in contact with it ; and with the open bdt arrangement, except when 
there is a belt-gnide, this will always be the smaller pulley. 

The mce gradation of speed required m some factories, and got either 
by speed pulleys or cones, is not necessary in a brewery, but nevertheless 
there will be certain variations of ^eed, and everything will not be going 
on at a uniform rate, for exampte, the external Tna-HbiTig machine, say 
the form known as Steele’s, requires to be driven rather fast — viz., at the 
rate of 120 to 180 revolutions a minute ; consequently the pulley keyed 
on to the end of the shaft, which rotates inside the cylinder, that is the 
follower, should be only one-third the diameter of the driving pulley, 
seeing that for the crank-shaft of the engine 60 to 70 revolutions per 
minute should be the limit. 

Intemal rakes should revolve slowly ; consequently the follower (in 
this case a cogged wheel) should bear to the driver the ratio of 3 : 2. 

Wort-pumps, again, must not be rattled along fast, and here the 
following pulley may bear to the driver the ratio of 3 : 1 . 

Driving belts should be weU greased every three months. After 
washing them with lukewarm water, leather grease is to be wdl rubbed in. 
The following recipe may be useful. Fish-oil 4 parts ; lard or tallow 1 
part ; colophomum 1 part ; wood-tar 1 part. 

Saturation with castor-oil is also stated to have great effect in increas- 
ing durability of belts, in fact, to be the best preservative means known. 
Belts treated with it are less prone to shp, and it is said that this treatment 
sometimes increases their driving power by 60%. 

Screws. — ^The two usual kinds (other than those familiar in carpentry 
work) are V or triangular threaded, and square-threaded [the thread is 
the ridge or projecting part ; the distance between two consecutive threads 
is the pitch ] 

The former are used chiefly for studs, bolts, and set -screws ; the latter 
for transmittmg motion by means of shdes, and m a brewery exclusively 
for moving a slide itself — e.g., the shdes at the bottom of a grist or gram- 
case, where the shde travels to and fro with the nut which is an integral 
part of it. The pitch of such a screw may be defined as the distance 
moved through by the nut m one revolution of the screw. 

Screws moving from left to right, %.e., as the hands of a watch, are 
right-handed screws ; those moving in the opposite direction are left- 
handed. 

The Boilers. — ^It will be impossible to treat boilers, and still less 
exhaustively, but we will deal with a few of the main features, and touch 
on some points which experience has shown us to be of practical value. 
For the rest we must refer our readara to the usual manuals. There is, in 
particular, a capital little treatise, issued by the publiGhers of this volume, 
and priced at 6d., called " The Safe Use of Steam.” 

The type used in breweries is usually the double-flued liflncasbiio 
boiler, a modification of the single-flued Cornish boiler, adopted because 
of the liabilily to collapse of very large flues, unless made of such a thick- 
ness of metal as to be unsuitable. 

tVia flues, with the furnaces in their front part (upper half), pass 
first the whole length of the boiler (vrithiu the boiler, be it understood, 
thus largdy its cubic content), then at the back of the 

B B 2 
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boiler * the heated gases either divide and pass along two side flues, join- 
ing again when the front of the boiler is reached to pass along a fine 
beneath the boiler, which conducts them into the chimney-stalk or shaft. 
Or the progress is reversed, the gases first passing all together underneath 
the boiler to the front part, dividing tlicre into the two side flues, from the 
ends of which they pass into the chimney. 

In any case there arc tlireo outside flues, lined with fircbrujk, hut 
having as much of the surface of the boiler ox])oscd iii them as is (ionsistiMit 
with the proper support of the latter. As to whether it is hetU^r to take 
the gases into the side flues before the bottom one, or vice. vernA, different 
opimons exist With the former plan there is less risk of burning tlu‘ 
boiler-plates, owing to sediment forming just where the fire would other- 
wise be hottest, and it is, maybe, more convenient for the back danip<T , 
but on the other hand, whore the feed-water contains much earbonatii of 
lime, etc., the fact that the hottest part is just wh(‘re the water level is 
contmually varying greatly increases the formation of a haid “ I’ock ” 
there. lAnd this, be it remembered, in a jiosition wbenei* it is least 
easily removed, because in chipiiing men can only get a <u)nsl.rained siih*- 
ways blow at it, instead of the downright blow at tbe bottom, wluMiee, 
moreover, “ blowing off ” will remove mueh biffore it gids hardt'iii'd on | 
Moreover, the bottom is naturally the coldest part, and anylhing 
which relatively intensifies this increases the strain on the boiler 'Plus 
was always a fault of Lancashire boilers, and (jalloway tubt's (slightly 
tapering tubes which pass through the inti'rnal flue iliagonally) wiu-e 
invented to obviate this. These tubes are either welded into the flues 
or riveted, and certainly promote (sireulation of tbo water, meH^asing 
heating surface too and strengthening the flue itself 

The side flues must not bo too narrow (say {) niches, at least, in uppiu* 
part for a 40 h p. boiler), for heated gases will not go up into a narrow spaeo 
if they can expand better elscwluuv. 

Tho setting-blocks,” concave-topped blocks of lire-clay, on which 
the boiler rests, should, witli their brickwork IxmiNith, bi* fairly d<‘(‘p 
(say thirteen courses of brickwork and tho sottmg-bloek), wdiu-li leavi's 
a good space for ash and soot 

Fomace-bars arc in 2 (or 3) lengths — very long bars are uiimanagi'able 
— and have cross-bearer supports at Ihoir mi<Hi‘ngib In front tlu‘y rest, 

upon tho Deadplate, at tho bock upon the Bndge, wbicli is gmuTally of 
firebrick. [Note that only firebricks with smooth faces should be used. 
Clinkersf stick on rough edges, and then in clinkermg, iiortioiis of tho 
brick, or perhaps the whole brick, may bo torn away. 1 'J'lu' depth of tho 
grate is limited by the fireman’s reach, and it will l>o usually 5 to 7 foot 
There are many patent fuxnaoe bars, but tubular bars (apjflicable- 
to coppers too) merit most attention. Tho bar itself is of cast iron, 
as other bars are, but unlike others it is cast rouml a wrought-iron 
tube, which prevents it from warping, adds oonsidcrablo strength, keejis 

* With the so-called breeehes-flued boiler, tho two internal flues, oontoining the 
fumooes, uiuto ioto one large cylmdneal fluo just behind tho bridges. 

t The injury to bars done by ohnkers can bo lessoned by using chalk in tho following 
manner. Two or three shovelfals of dry chalk, in pieces about the size of a walnut, axe 
to be placed on the bars first, and the fire laid and lighted over them. Half a shovelful 
should he thrown on three or four times a day when coaling up, and this will effectually 
prevent the clinkers from stickiiig to the bars. 
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the har cool by allowing a current of cold air to enter, and conducts 
air, suitably warmed, to the back of the furnace, where it helps the com- 
bustion of the unbumt matter given o£E from the fuel as smoke. The face 
of the bar is also chilled J inch deep, so that clinkers do not adhere. 

The combustion is also facilitated by stoking each furnace alternately, 
so that one is buiming brightly while the other is giving off unbumt hydro- 
carbon matter, the heated gases h^om the former to some extent burning 
this matter from the " green fire.” 

The shell of tihe boiler is made of plates of wrought-iron or mild steel 
(containing about 0 1% of carbon), and from 3 to 4^ feet in width, the 
lines of rivets connecting them running round the circumference of the 
boiler. Occasionally the joints are welded, and this, if properly done, 
prevents leakage and external corrosion ; but that it is so is not easily 
ascertained for certain, so that riveting is the usual plan, the furnace-tube 
joints alone being welded. The boiler ends are fitted in and held, either 
by means of fianges or mtemal or external angle-irons, which are riveted 
on to the mam shell. 

Riveted joints have to be caulked — i e , the edges of the plates are 
burred down by means of a special tool, a kmd of cold chisel. 

The principal boiler fittings axe : — 

1. Safety valve, weighed to blow off at the maximum working pres- 
sure, say 50 lb. for a brewery with non-condensing engme, and boiling, 
heating liquor, etc , by steam [Precautions to be observed with this 
and other fittings will be given below under the Manchester Boiler Insur- 
ance and Steam Power Company’s “ Instructions to Firemen.”] 

2 G'ai:^e glasses, connected at top and bottom with the boiler (but 
with shut-off cocks), to enable the fireman to ascertam that the water is at 
the proper level There is a blow-through cock at the bottom which 
helps to keep the tubes and their upjier and lower inlets clear. 

3 G-auge cocks (useful if the gauge-glasses break), one below the 
average water-level, the other well above it. In the absence of the gauge- 
glasses they must be tried frequently ; as long as steam issues from the 
upper and water from the lower, the level is approximately right. Even 
when not in use they should be turned on periodically to keep them from 
furring up. 

4 Pressure gauge, which purports to show the existing pressure m 
the boiler. 

5. Fusible plug, a plug or disc of soft metal (lead), fixed m the hottest 
part of the boiler, the crown of the furnace-tube, so that if the water level 
gets below this and the plate becomes heated, the fusible plug will melt 
and the steam rush out to extinguish the fire. 

6. Steam whistle, fixed m the upper part of the steam chest, if there is 
one, with a sprmg to keep the steam inlet closed, until a certam pres- 
sure beyond that at which the safety valve blows off is reached, when the 
resistance of the spring is overcome, and the whistle by the continuous 
noise it makes calls attention to the fact. It is u s e f u l in the event of 
steam, through oardessness, getting up at ni^t, or of the safety valve 
being overloaded. 

7. The float, another water-level indicator. 

8. M au - boifl”) one at the top, one (alias the mudhole) low down in 
front end of the boiler. These are taken out when the boiler is cleaned. 
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and when they are replaced a close-fitting joint is made by means of a 
mixture of red and white lead well beaten up and stiffened with yam. If 
these joints leak they must be remade at once. The manhole cover gene - 
rally fits up from the inside of the boiler against a flange on a strengthening 
iron ring, and is held in its place by a bridge-bar, nut. and bolt. 

9. Eflow-off cock at the bottom of the front of the boiler and con- 
nected with a pipe running into the drain. This, besides being the cook 
used for emptying the boiler, is for periodically (every day, or every other 
day) letting off an inch or so of the boiling water, preferably, so as not to 
risk rfiaking the boiler, when the pressure has got as low as 20 lb . This is 
especially useful when some effective agent, causing a sludgy precipitate, 
is used in the feed-water. 

Obviously the blow-off cock must be accurately ground in to prevent 
leakage. 

Adjuncts to a Boiler are : — 

(i) Donkey and Pump. — A compact combination, working 

independently of the main engine (and in this respect superior to the old 
form of feed-pump, which could only work when the engine was running). 
Its steam-piston and its pump-piston are at opposite ends of the same rod 
Between each boiler and the donkey is a chock valve, and the clicking of 
this as it rises and falls in its seat with every stroke is an indication 
that the pump is throwing, and not, in engineer’s parlance, “ taking the 
pet.” There should be a small cock, the “ pet-cock,” on the boilerward 
side of the pump in the feed-pipe, and generally a stream of water issuing 
from this, on its being opened, is also a sign that the pump is working 
properly. Not always, however, for the pump will sometimes ” take the 
pet ” with very hot water, and, therefore, it is well to have provision for 
lowering the temperature of the water in the hot well . 

The check valves are constructed so that they can bo screwed down 
firmly on their seats, if it be wished to pump into ont*. boiler out of two 
or more ; otherwise the back pressure of steam, of course, keeps them tight 
when the pump is not working. 

(ii) The Injector. — subsidiary feed apparatus, which forces water 
into the boiler by the pressure of the latter’s own steam (which, however, 
must be pure steam taken from the highest part of the boiler), and this, 
too, against the pressure of both steam and water in the boiler. No com- 
pletely satisfactory explanation of its working is, as far as the writer 
knows, yet issued, but it undoubtedly depends on the admission of a jot 
of steam and the simultaneous admission of a larger quantity of water, 
in which the steam insIxiMly condenses. Though much of the momentum 
is lost (say 14 if the steam condenses in 12 times its weight of water) the 
united stream still rushes on at 130 feet per second at least, and this, 
combined with its concentration upon a given point (in which two funnel- 
iffiaped, t.e., narrowing, passages, doubtless play their part), will probably 
give the outline of the explanation. Or putting it otherwise, the combined 
steam and water jet still retains a velocity greater than that possessed by 
water alone issuing under the same pressure. 

One thing is certain, that the injector will not act with water of a tom- 
pera-^ure above 120° — in some instances 90° — and this suggests that 
immediate condensation of the steam is an essential factor. 

(iii) Uiedhaiiical Stokers. — ^Among the best known are those of Vickers 
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of Sarlestowu, Lancashire, Sinclair of Leith, Cass of Solton, and Andre'ws’ 
underfeeder, and of a somewhat different type, the sprinkling stokers 
(Bennis and Proctor). 

The coals are fed either by hand or by a shoot into a hopper in front 
of the furnace, whence ikey fall, or are pushed, in a continuous 
stream on to the front of the fire, save in the case of the sprinkling stoker, 
which throws them (something like a person dealing cards) on to tTiw top, 
and is thus better adapted for dealing with very fine coal which is practi- 
cally m the form of dust. 

In the former three stokers, the result is got by an alternating move- 
ment of solid firebars. The firebars move backward aU together for a 
space of 2 or 3 inches, carrying the fuel with them ; then they return 
into their original position one by one, but sliding under the fire. Then 
after an mterval they all move back again together, and this continuous 
movement not only carries the fire regularly backwards, but breaks it up, 
and prevents the formation of clinkers. [Stokers of this t37pe are super- 
seding the old stoker of Jukes, in which firebars, hnked together to form 
an endless chain, passed round two revolvmg drums, which kept them 
constantly and with them the fire moving slowly backward.] 

The Hehx-underfeeder consists of screws of wide thread, revolving in 
the direction of their length, which carry the coal from the hopper along 
chaimels imder the grate, whence it is forced up beneath the fire, the latter 
being always fed from below 

It IS said that the annual saving effected by using slack ” instead 
of larger coal (rendered possible by these mechamcal stokers) may amount 
to as much as £150 per boiler. Further, they lessen the firemen’s labour, 
and as the furnace doors have not to be opened, the usual inrush of cold 
air is avoided. 

Oil Fuel. — ^Up to the present the admittedly high pnce of crude oil 
debars its more general adoption m breweries as a fuel The potentiali- 
ties of oil fuel, however, are very great as it possesses an intense calorific 
power, produces little or no smoke, its use obviates stokmg and the 
labour involved in the removal of ashes, and other practical advantages. 

Boilei-heatmg (and Copper-boiling) by Gas. — ^In this method, which 
has been adopted m one large brewery within our knowledge, the ccals 
are fed mto a large retort and there converted into crude gas. No 
attempt is made at purification, but the gas is conducted direct mto a 
fine connected with the boiler and kmdled there, so that the whole flue 
is filled with blazmg gas . Similarly, it is conducted imdemeath and round 
the coppers, which are, m effect, &e-coppers but without the necessity 
of stoking them direct, so that, instead of damping down the fiires, it is 
only requisite to cut off the supply of gas 

Boiler Corrosion, External or Internal. — ^External corrosion wiH occur 
from several causes — e.p., (a) careless setting m too much, and that impure, 
hme. (P) Setting on a damp foundation without proper means of 
drainage, (y) Inattention to “weeps” (slight leakages) of the boiler 
plates at the rivets, (o) Contact of ashescardessly allowed to accumukte ; 

salts contained therein, in conjunction with damp,attaok the iron. 
(<) Leakage round brass cooks, fittings, etc., attached to the sh^ of the 
boiler, jnniting galvanic action between the dissimilar metals. 

Internal corrosion is rapidly caused by the joint action of oxygen and 
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carbomc acid, which all spring waters contain, in a moist state, though 
singly, or even combined, when dry, their action is inappreciable. 

Grease (from lubricants) in condensed water used as feed is also most 
destructive, the limersoa'p forming by its combination with lime salts 
decomposmg again at hi^ temperatures into a free acid, oloic acid, and a 
residue, which adheres to the surface, while the acid attacks the iron. 

Sulphuric acid, developed under pressure from certam waters, notably 
those containing iron sulphate, may ultimately prove destructive, albeit 
produced in infinitesimal traces, seeing that, not being volatile, it accumu- 
lates. 

Chlorides of sodium and magnesium arc also destructive, esjiecuxlly 
in the presence of carbonic acid and air. 

Ihcnistation (Boiler Scale). — ^This, tlie consequence of the feed-water 
containing carbonate of hme and silica (oven more objectionable when 
organic matter is present, too), is imwolcome, because it involves a loss 
of power from the fuel. [It is said that scale J inch thick means a loss 
of 38%, while if \ moh thick it means a loss of 60% ] 

On the other hand, it sometimes forms a protection against the corrosive 
agencies indicated above. For instance, at Glasgow, it was found that a 
range of new boilers, m which the freshly introduced supply from Loch 
Katrine was used instead of the former calcareous water, suffertKl rafiid 
corrosion, while an old boiler, m which calcareous water hatl bw'n used, 
but which had not been scaled before the introduction of the n(‘\v supply, 
showed no signs of it, and it was actually found necessary to feed m lunr 
and water until an artificial protecting scale was ohtanuMl hlo con- 
denser, possibly containing grease, being used, the cori’osion could he 
traced with certainty to the hmeloss new supply. 

Remedies are caustic soda, washing soda alone or mixed uitli hiiu*, 
and patent remedies {e.g , “ Anti-hthon ”). CJaustic soda, whieli sfiould 
contain not more than 2% of impurities (no common salt), is <*(Teef.i v<‘, hut 
some of it is carried over by the steam into the cylinder of the engin<‘, and 
is very destructive to all the packings with which it comes in eonlatit 

Soda, besides preventmg scale, corrects the acidity of wahT, and hy 
absorbing carbonic acid, prevents its acting in the way of rusting. 

“ Anti-lithon,” though somewhat costly, is very effective with ccM'tain 
calcareous waters, but in others its effects are loss marked. 

The “ Ihstractions to Firemen,’’ given by the Boiler Jnsuranco and 
Steam Power Company, Manchester, are so valuable that wo shall append 
them here. 

“ Water gauges should be blown out frequently during the day and tho glosses 
and passages kept open and clean. More accidents happen from want of attention 
to water gauges than from all other causes put together. 

“ Safety-valves should be tried at least once a day to make sure that they will 
act freely. Overloadmg or neglect leads to most disastrous results. 

“Pressure gauges, where fitted with cocks, should be tried occasionally by shutting 
off the steam, and letting the pointer run back to zero. For this purpose tho cock 
to the gauge should be arranged to open to tho atmosphere when shut off from the 
boiler. 

“ Blow-off cocks should be taken apart, examined and greased every time tho 
boiler is cleaned. Make certain that water is not escaping when Ihe cock is supposed 
to be closed. 

“ Check-valves, or sdf-acting feed- valves, should be taken out and examined 
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“ I^ible plu^ should be examined every lime the boiler is cleaned, and carefully 
usS£^ ^ ^ Plag will be 


To save oo^ keep the boiler dean inside and outside. If there is a plmifaful 
supply of steam k^p a ^ck fire, but if short of steam work with a thin fire, but 
kee^g the bars fully and evenly covered. Firing a furnace on each side dtematelv 
tends to prevent smoke. •' 

I i!l boiler in good repmr, raise steam slowly. Never 

light fi^ tall the water shows in the gauge glass. Never empty under pressure, but 
allow the boiler and brickwork to cool before running the water oflf. 

“ Clean the boilerinsideregiilarlyonoeamonth,oftenerifthewateris bad. dean 

all flues once a month, stop any leakages, and prevent any dampness in the seatings 
or oov^g. Carefully exanune plates subject to direct action of fixe, the 
of the boiler and any parts m contact with brickwork or with copper or brass, where 
water is present. 

“ n the bofler is not required for some time,and it cannot be conveniently emptied 
and thoroughly dned, fill it qmte full with water, and put in a quantity of onTtimnn 
soda. 


“ Should the water get too low, draw fires at once as a rule ; or if the furnace- 
crown appears to be red-hot, it is best to smother the fire with wet naTiPa, wet aly^k , 
or any earth that may be at hand. The dampers may then be closed. Iftheengme 
IS running or the feed-pump delivering into the boiler, do not stop them, but if not 
working do not start them, and do not attempt to blow off the steam until the fire 
IS out, and the overheated plates have cooled *’ 


The Steam Engine.— This subject must be briefly dealt with, and 
mainly in connection with brewery work, text-books on it being numerous. 
Bo it remarked, however, that though the arrangement in the plan given 
for a 7()-quartcr brewery of having the malt-mills just over the engine- 
room IS convenient for the shaftmg, and moreover alloivs of ready access 
from one to the other, the fine dust, which is bound to come dowm in 
quantity, is by no means conducive to that bright and smart appearance 
which every driver who is good for anything delights in. 

Stationary engines are either condensing or non-condensing, the 
former bomg again either simple or compound (i e , expansion engines, m 
which high-pressure steam, introduced first into the smaller of two 
cylinders, passes, after doing its work there, into a second larger cylinder, 
and, expanding, completes its work at low pressure*) . These cyhnders are 
generally placed either side by side, or one behind the other (tandem 
arrangement), though occasionally with the larger cyhnder horizontal, 
and the smaller inclined above it, with its connecting rod working upon 
the same crank -pin. 

The condenser (in condensing engmes) will be in line with the cyhnder, 
BO that the tail-rod of the piston drives the plunger and piston-rod in the 
former. Condensers are either jet or surface condensers, the steam being 
condensed in the former by a jet of cold water, in the latter by contact 
with thin metallic surfaces, say brass tubes through which cold water is 
being forced. A pump (air-pump) connected with the bottom of the 
chamber draws off the water and any air. 

* The steam may pass either direct from the small cyhnder to the large, or there may 
be a receiver interposed, in which the steam can be superheated by hotter steain from the 
boiler, passing through tubes. 
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Though expansion engines ajre seen in breweries, the usual type will 
be the horizontal non-condensing engine, the exhaust steam being passed 
through a heater (a large cylinder with a number of vertical tubes inside 
through which the “exhaust ” passes, leaving any grease, due to lubricants, 
ina chamber at the bottom) in order to heat the water which the ‘ ‘ donkey ’ ’ 
is pumping into the boiler. 

It must be taken for granted that the reader knows how the steam acts 
on the piston (on alternate sides), and how the latter is made steam-tight 
in the oyhnder, although working with a minimum of frietion, and the 
section be concluded with an enumeration of working parts, with a word 
of explanation here and there. 

The principal parts o£ an engine are : — Cylinder, Piston, Piston-rod, 
Crosdiead (joining piston-rod on to coimecting-rod, and working between 
guides on sliding surfaces), Crank-pin and Crank, or, bettor than this, a 
Crank-disc (a circular piece of bright oast iron, which translates the to- 
and-fro motion of the piston into circular motion), Ply-wheel (which by 
its momentum carries the engine over the “ dead-points,” the begin- 
ning and end of the piston’s stroke), keyed on to the end of the crank 
slu^, which should be made of sled, the Fly-whool itself being of bright 
cast iron. Steam-ports (openings for admission of steam into the cylmdi'r, 
one on either side of the piston), closed and opened alternately by tlio 
Slide-valve (in the form of a hollow box, with accurately planed pro- 
jecting ends). This valve is just proportionoti so that, as it travels to and 
fro (driven by a rod worked from an eccentric keyed on to the crank- 
shaft), one port is outside its projecting end, and by this steam enters, 
while the other is wthin the hollow part, and is thus ])ut into conneetion 
with the exhaust pipe. The valve, of couise, -worlcs in a valvo-casing, 
through which the steam-pnie passes, and which in larger engines is 
generally a separate casting bolted on to the eylnuler 

To reduce friction, which, owing to the pressure of the incoming steam, 
is very considerable with valves of large surface, two valves, <‘losing one 
port each, are adopted, and then they are, of course, workt'd by separate 
eccentrics and eccentric rods. The valve casing may also havt‘, on the 
side remote from the crank-shaft, a screw-arrangement for riwlucing or 
enlarging the apertures of the ports, a very useful addition w'herc the calls 
upon the engine are so varied as in a brewery. 

The Governors are the two balls of metal susiionded on eitlior side of a 
vertical spindle, which, whenever the speed of the engine unduly increases, 
fly outwards by centrifugal force, and either by means of a lover ami 
throttle-valve or, in a more complicated manner, by reducing the travel 
of the slide-valve, cut off some of the steam from the cylinder, ami so 
almost immediately correct the speed. They got their impulse from a 
belt running on one pulley, keyed on to the crank-shaft, and on another 
smaller pulley, the horizontal spindle of which has at its other end a 
pinion gearing into another pimon upon the vortical spindle whence the 
balls above mentioned depend. 

The Eccentrics are circular pieces of metal fastened on to a shaft 
eccentrically, i.e., at some point other than its centre, the <listanco 
between this point and the centre being known as their eccentricity. 
Bound this i^oular plate a rmg of metal, connected with the rod, moves 
freely ; and it is obvious that, with each revolution of the shaft, the part 
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of the rmg oonnected "with the rod will move to SboAfro for a distance e^ual 
to t^doe the eccentricity. 

Thus the crank-shaft with its end farthest from the ftnginft working in 
a plnmmer-block, will very probably have keyed on to it, first the fly- 
wheel, next a large pulley, round which a stout belt passes to a loose 
pulley overhead and from one-half to one-third the size, which, when 
made a “ fast ” pulley by means of a clutch, actuates the malt-rolte, then 
a toothed-wheel gearing in with another of such a size that the sh^ on 
which the latter is keyed passes underneath the bed-plate of the engine 
and serves to drive the weU-pumps, then the pulley for the governor belt, 
next the two eccentrics, and finally the crank-disc which, of course, must 
be nearly in hne with the piston. 

Lubricators are fitted to all points of friction ; in most cases box- 
shaped receptacles for tow, saturated with oil ; but for the slide-valves and 
piston a lubricator is found effective. One does for both purposes, the 
steam carr3dng the lubricant into the cylinder. 

The above is, of course, a very incomplete account of the steam-engine ; 
nevertheless the writer hopes it may help the pupil who is not afraid of 
asking questions to find out a good deal about it. It will, at any rate, 
supply him with some raw material for inquiries 

We will now deal with other parts of the plant in a cursory way. 

Sack and other Hoists. — Use is generally made of friction gearing, 
where two wheels having a number (five or six) of square grooves in their 
peripheries, are so arranged that the grooves of one are opposite the 
thread-like projections of the other, and accordingly, when brought 
together, they interlock and form closely jomed bearing surfaces [The 
grooves, of course, run the length of the circumference, not as the indenta- 
tions between the tooth of spur-wheels do ] 

The usual arrangement is to hav'e one such v heel, the smaller keyed 
on to a revolving shaft, the larger wheel opposite to it, w'hich is fixed on 
to the end of the spindle of a drum, being -with the latter at rest, until both 
aro raised by a lever Directly the wheels interlock the drum revolves, 
and the sack, cask, or what not, suspended from it rises as desired. 
Descending motion is got by releasing the lever. 

The enlarged barrel is for the purpose of increasing the speed of 
chain after it has started and the smaller ends allow of a slower speed, 
both for starting the sack and landing it The hoist is put in motion by a 
small pulley pressing on the driving belt and tightening it, and by this 
means any degree of tension can be put on it either for lifting or lowering 
sacks. 

and Blalt SCTcens. — A. simple but effective specimen of the 
former is one on the prmciple of an “ overshot ” waterwheel. The 
barley coming out of a shoot on to a wooden wheel turns the latter 
roimd with considerable force. Below this wheel are two inclined wire 
dides, one over the other, the uppermost of which is moved to and fro 
by the revolutions of the wheel, and thus the needful check is given to 
the course of the barley, which comes into contact with the wires in 
such a way that almost every thin grain and much of that which is broken 

gets removed. i. i xi. 

For malt we tbink the cylindrical form of screen, with mesh of three 

varying degrees of coarseness, preferable to the flat form, insomuch as it 
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separates not only the dust, but thin com and largo stones too. The malt, 
in its passage through the somewhat inclined cylinder, first comes into 
contact with the finest meda, by which the dust is removed ; by the 
somewhat coarser mesh succeeding the small corns are removed, dropping 
into their special receptacle ; through the next mesh, coarser still, the 
good malt falls ; and finally, through the open end of the cylinder, peas, 
stones, and an 3 dihing too large to pass the screens are discharged. 

The Cold-liauor Back. — The size of this, the highest vessel in the 
brewery, must depend upon whether it is relied upon for attemperating 
or not. Some brewers use their well supply for browing and cooling, but 
get their attemperating supply from the local waterworks, if there is 
reason to t.biTik the pressure from the latter will bo more constant. But 
if attemperating is done with water from the brewery well, there should 
be a subsidiary attemperatmg-back kept always up to the swme level by a 
ball-oock, so that the pressure may be uniform and the size of the main- 



Malt Scrocn. 

liquor back diould bo at least on the scale of five barrels per quarter 
brewed. [Where, say, 1,000 barrels per week are brewed on the average, 
160 barrels may easily be run out within twelve hours, and so the attom- 
perating stop altogether, without speaking of the continuously dimimsh- 
ing pressure ] 

Of course fresh liquor is the best for cooling, and the certainty of a 
copious well supply render some reduction of size possible. 

Liquor bacl^ are now generally made of cast-iron panels bolted 
together (joints made tight by planing the turned edges and painting 
them just before boltmg tight), though Dantzic fir is still no unknown 
material. The width is about half the length, and they are made rola- 
tivdy shallow (3 to 4 feet), because the greater the area the more the weight 
will be distributed. 

Hot-liquor Backs. — ^Their contents may be heated either by free steam 
from the boiler, by a coil, or by a tubular heater (Worssam’s make). 
The former plan is objectionable for more reasons than one— viz., the risk 
of introducing impurities (perhaps not very great if the vessels are a good 
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height above the boilers), the dilution of the water’s saline properties, and 
the noise that free steam makes when so used. OoUs must be placed so 
that the water from condensed steam readily drains away, towards the 
trap if one is used. In the latter ease the pipes must be somewhat stronger 
than they would have to be if steam simply passed through the coil 
unobstructed, the pressure with a trap, which mainly lets the condensed 
liquid alone pass, being so much greater. 

It is not easy to keep the joints of these pipes, of which several together, 
brazed to one flange, skirt the inside of the back, from leaking sometimes ; 
further the contact of iron and copper, of which material the coil is usually 
made, in steam brings about a destructive galvanic action between the 
metals, which necessitates some form of insulation. Perhaps the worst 
defect is that, as the pipes are necessarily some distance, relatively 
speaking, from the bottom of the back, the water below them does not get 
heated equally with the water above, so that, unless the mashing supply 
18 drawn from well above the level of the coil, it is apt for some minutes 
to come down at a lower temperature than that required. [A bent-tube 
thermometer should always be inserted in the doi^n pipe close to the 
“ Steele ” or other external masher.] 

It 18 said that Worssam’s high-pressure heater, by promoting circula- 
tion, obviates this drawback. The heater is, in effect, a large drum or 
cylmdor of metal, through which a largo number of tubes pass lengthwise. 
Steam (a pressure of at least 50 lb. recommended) is admitted into and 
passes through the drum, heating the water in the tubes, which imme- 
(hately rushes out of their upper ends, and is replaced by cold or cooler 
water entering at the lower ends, and thus, till the desired temperature is 
reached, the entire contents of the vessel is kept in a state of more or less 
active movement. 

The apparatus can bo supphod with linmg tubes of copper. These 
can be drawn out for cleaning, and are accordingly useful when the water 
is very calcareous 

[The same apparatus is fitted into wort coppers. It has been objected 
that the tubes would get choked with hops, but this is said not to be the 
case in practice They are used in some of the largest London breweries 
and provmcial breweries. 

Malt mills, in common with other units of brewery plant, have been 
brought to a very high state of perfection, the old type of malt mill having 
one pair of rolls has been entirely superseded by malt mills having a 
combination of rolls 

The very efficient products of the modem brewer’s engineer are now 
made in varying combinations. Some makers employ four rolls placed in 
pairs one above the other, grinding in two stages with an intervening 
sieve, whilst other manufacturers utdise the same number of rolls so placed 
that the malt can be ground in three stages, grading of the grist being 
effected between each stage by two separate sieves. 

In other designs five rolls and even six rolls are used ; in both oases 
the grinding is effected in three stages, giving the brewer a complete control 
over the constitution of the grist he wishes to produce. 

The type of grist every brewer ^ould aim to obtain is one containing 
the hipest percentage of small granular grits with a minimum of coarse 
grits and flour (whole flal^ husks well defibaed), which will be amenable 
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to the action of the liquefying and saccharifying enzymes in the 
marii-tun. 

In order to achieve tins object it is necessary to grind the malt in 
stages on the principle of separation and ohmination of tho finished grist 
from each grinding ; the introduction of tho third grinding stage reduces 
the hard ends of ^o malt, tho unmodified portion of the grain, to fine 
grits without injuring tho husks, the conversion of which in tho mash tun 
gives a greater yield of extract. In addition English and foreign malts 
and malts of unequal size can be blended before grinding, tho whole of 
the separated products from each stage are finally discharged from tho 
malt miU to the grist case as a perfectly homogeneous grist. 

The condition of the grist is largely dependent upon tho mctliod 
employed in the primary gnnding or first break. Tho malt should bo fed 



Four-Rolled Malt-Mill. 


with its longitudmal axis parallel to the axes of the rolls ; tliis is effected 
by a special t3q)e of feed roller and guiding plate. 

The reciprocating sieves which are operated from tho roll shafts Should 
have a large sieving area to ensure a perfect separation of tho various 
constituents of the grist. Anti-explosion plates must be provided to 
pair of rolls ; one of the most simple methods and at the same time most 
effective, is to arrange the plates under each pair of rolls so that the iffo- 
ducts of grinding coming from the rolls piles up, excluding the air. 

Eaoilities are provided for taking samples from each grinding st^e, 
so arranged to be taken simultaneouriy, which enables the brewer to ascer- 
tain the nature of the combmed grist m the grist case. 

In the best designs of malt mills the setting of the individual rolls is 
arranged by what may be termed parallel adjustment, ensuring an even 
spacing along the entire length of the face of the rolls, the setting 
indicated by a micrometer reading by means of an indicator and sector. 
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Ji^ch set oX rolls can be sot independently of one another and a further 
feature of the most up-to-date malt mills is the provision of strong springs, 
which, although they are not afEected when malt is being ground, they 
allow tho rolls to open should any large particle of iron or steel pass the 
magnets, which are placed above the feed roll, or other foreign body finH 
its way inadvertently to the rolls, preventing the train of gears which 
drive tho several rolls from being damaged. 

ICach malt mill is a complete self contained unit enclosed in a dxist 
tight casing, all bearings being self -lubricated and the gears enclosed in 
an oil-bath gear case. 

The Elevator (Jacob’s ladder). — An aidless bdt, on which tinned or 
galvanised iron cups are riveted, rotating, within an iron case, round a 
top and bottom pulley. It is advisable to have it driven from the top, 
as then, owing to the woi^t of the cups and belt giving more “ bite,” 
it is not necessary to keep the belt so tight, as would be necessary if the 
driving were from the bottom. There may be a screw arrangement 
connected with the lower pulley, enabling it to be raised or lowered, so 
that the bolt may be readily tightened as required. 

There should be convement doors, for inspecting the working of the 
cups, at some point or points in their upward career, and they should be 
allowed to run on for some minutes after the gnnding is finished to ensure 
their being emptied . W e also hold with giving the elevator case a few smart 
taps with a mallet, in order to detach as much of the adherent flour as 
possible This should certamly be done after brown malt has been 
crushed Black malt, we think, should be ground into sacks and be shot 
into the grist-case ; the risk of colouring a following pale-beer brew is too 
great to admit of sending it up by the elevators. 

Grist Cases, or Grist Hoppers. — ^Their position with regard to the mash- 
tun depends upon there being only an internal mas h i n g arrangement 
(rakes), or on a combmation of the latter with an external ma^er, of 
which that known as “ Steele’s ” is the usual type In the former ease 
they will be directly over the mash-tuns, and wifi have four or more slides 
to allow the grist to be rapidly let into the mash-tun while the rakes are 
revolving. 

In the latter, each ” hopper ” will only, generally speaking, have one 
outlet at bottom, with shde working with a square-threaded screw, and 
their position manifestly depends upon whether one Steele does duty for 
two tuns or not. Bi the former case the two hoppers will be, as it were, 
one structure, divided by a central partition. 

Wrought iron, with as smooth an iimer surface as possible, and painted 
inside and out, is now the usual material, but wood (wdl-seasoned deal), 
zmc-lined, has the advantage of not causing such rapid condensation of 
the steam, which inevitably finds its way into its intenor. 

The lower part of the grist-case should slope to the “ Steele’s ” at an 
n.Tiglfl of about 46 degrees. A much less angle tSian that, mea ning that the 
sloping sides are earned up unduly high (as I have seen them where 
exigencies of space have necessitate such an arrangement), causes the 
grist to come down by fits and starts, while a wider angle also interferes 
with the r^ular flow. 

There i^ould be an opening at the top, whence a naan can push down 
every particle of grist within reach at the end of the mash, and there should 
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certaMy he a movable piece, a shoot or box, between the bottom of the grist- 
case and, the Stede’s. Otherwise there is great cliflfioulty in cleaning the 
parts round the shdes properly, and pasty matter collects there which 
soon gets abominably sour. 

The area allowed for a grist-case is about 12 cubic feet per quarter 
(for a hopper for whole-grain about 10). 

IfgTtftrnal ISflashers are either self-acting or require driving. Tlic fornior 
type 18 generally used for small plants only, though it is possible, by having 
several (one connected with each outlet of the grist-caso), to make them 
available for dealing with large quantities of grist. Heady detachability 
for cleanmg is their recommendation in the latter case Maitland’s, 
Gregory’s, or Riley’s are, wo should say, the most usual forms, the lirst- 
named having revolving paddles actuated by the downward rush of the 
water, the last two having no mixing parts, but subjecting the ground 
malt, as it comes down through the inner part of the cylinder, to con- 
tinuous fine ]ets of heated water proceeding from numerous holes iiierct'd 
in the inner face of the oylmder’s hollow jacket, 

“ Steele’s,” the most widely used form, requires driving It consists 
of a shaft, with a number of short arms at right angles to it, rotating in a 
cylinder of iron or copper. The grist and liquor enter the cylimlor at oik* 
end, at two separate openings, and when mixed by the revolving arms fall 
into the mash-tun at the other, the open end of the cylinder. 'J’his is the 
simplest form, but the machine may bo fitted with a screw to feed tin* 
grist. There should be openings (closed during mashing) in both top and 
grist-case ends for cleaning out the cylinder. 

Powerful “ Steeles ” are made which wdl masli sixty quarters in ten 
to fifteen minutes ; but a lower power than that is preferable 

The rate of speed may vary from 120 to 180 revolutions per minute, 
the lower rate being adapted to machuios of larger diameter. 

Slash-tuns and TVfaahing Tadde (Bakes). — ^Mash-tuns an* eitlu*r of 
wood (oak sides, bottom of Dantzic fir) or cast iron, the sides of the former 
tapering upwards slightly (to allow of the hoops lieing tightly driven), 
while in the iron tuns they are quite vortical. This, as Mr Houthby 
pointed out, causes the goods ” to rise bettor in iron tuns than in those 
of wood. 

Iron mash-tuns, if properly managed, give no coloration to the wort, 
but m the leading pale-ale centres there is still a prejudice in favour of 
wood, and, where expense is no object, with gun-metal fittings, 

- Tuns of either material require to bo thoroughly heated before use, 
but those of iron most of all, on account of the rapidity with which heat 
would otherwise be absorbed from the mash. A good plan is to turn in 
free steam, after which run in a sufficiency of water not exceeding 1(55° F. 
to cover the false bottom. 

The capacity of a mash-tun should be quite SI’ barrels of liquor per 
quarter of malt, which allows a clear 2| barrels per quarter for madung the 
malt with The proportion of depth to diameter recommended varies 
from equality (about 6 feet each) in 5-quarter madi-tuns to as 1 . 2 (7 feet 
and 14 feet) in full-sized fiO-quarter tuns. 

The largest mash-tuns which we know of are 120 and 160 quarters 
respectively, but Mir. Southby thinks a capacity equal to 100 quarters 
^ould be the limit. 
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The internal mashing machine (or Poronpine)* consists of the following 
parts — viz., a vertical shaft, either driven by steam power from above, 
or from below (in which case it passes throng a stu£Sng-box in the centre 
of the mash-tun bottom with a gland bolted on underneath). In the 
former case it works a foot-step (on gun-metal beanng, which is bolted 
to the bottom of the mash-tun inside) with a bevel wheel oast on, driving, 
as the vertical shaft rotates, a horizontal single or double rake-shaft, in 
hne, by means of a bevel or bevel wheels gearing into it. The horizontal 
rake-shaft has a number (7 or 8) of lorovght iron rakes bolted on, rotating 
with the shaft. 

On the outer end of the rake-shaft is a toothed pinion, working on a 
circular rack, skirting the tun about half-way up . It is usual to have, one 
above and one below the rack, two rakes, which move with the shaft, but 
without rotatmg. These serve to push “ the goods ” from the edges. 

In the largest mash-tuns it is necessary to have two tiers of rakes, one 
above the other, but driven from the same vertical shaft, although at 
different rates of speed. 

Iron mash-tuns, of course, have to be lagged with felt or one or other 
of the many non-conducting materials and boarded round. 

Hash Tun Covers and False Bottoms. — ^The raised covers, with the 
Hides closed in by shutters, sometimes seen, are not to be recommended. 

The simplest arrangement is to have two nearly semi-circular covers 
(of well-seasoned wood, tongued), hinged on to a permanent narrow 
wooden bridge (just wide enough to allow of an opemng being made in 
it for the sparger to work). The two covers are properly counterpoised 
to allow of their being readily opened or closed, and fit down close on the 
upper edge of the mash-tun. 

The false-bottom plates, two semi-circular, the rest roughly triangular, 
stand, when down, upon wooden feet, about 1 J to 2 mches from the real 
bottom of the run. They are either drilled with holes, from ^ to J inch 
in diameter (countersunk and not over one inch apart), or have slots for 
dramage — ^long shts — radiating from the centre, the latter being now the 
more usual plan. Its drawback is that it tends to weakness of the cast- 
iron plate. Plates of copper, gun-metal or phosphor-bronze give the best 
drainage area for their surface, but are costly. 

Spai^ers. — ^The modem spargers differ in construction from the 
original, and the present type mdeed is a considerable improvement on 
its immediate predecessor. The latest design revolves on ball bearings 
at a high speed, if necessary, and the perforations m the arms are so 
numerous and so minute that the water is dispersed in a semi-atomised 
form, or an intensely fine spray, which minimises the weight of the fall- 
ing liquor upon the goods which, so far as the effect of sparging is con- 
cerned, obviates the danger of flooding. 

It is important that the spaige-hquor should be delivered evenly over 
the whole surface of the goods. An appliance (Messrs. Wilson & Co.’s) 
for testing this is described on p. 267, Small spargers have two arms, 
larger more. 

Coppers : heated by Fire direct, or by Steam. 

Kre coppers are either : — 

1 . Closed dome, the form used in the large Iiondon breweries, e^eciaJly 

• A T i m** perhaps never heard now, though it survives in French as Porc-^ie AngZass. 
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for porter- The steam escapes throfugh a pipe in the upper part of the 
dome, and sometimes there is a safety-valve too. Occasionally a shaft, 
driven from above, is fixed in the copper, and has arms at ri^t angles, 
from 'vrhich looped chams depend of just such a length as to sweep the 
bottom of the copper, as the shaft dowly revolves while the copper is 
boilizig. 

2. Open coppers, which are, of course, the easiest otfire coppers to 
clean (ail fire coppers, however, want much more scouring than steam 
coppers do, and owing to this and the efiect of the flame, wear out much 
more quickly than the latter), but require constant watching and hard 
rousing whenever they threaten to boil over. (See Foimtains and Cones, 
below.) 

3. Dome and Pan Copper. The dome is less rounded than in No. 1 , 
forming, in fact, the bottom of the pan, which is generally of a capacity 
nearly half the boiling capacity of the copper. The sides of the pan are 
carried up in continuation of the sides of the copper, and there is an 
openmg in the crown of the dome, from which a short, wide tube, firmly 
riveted on, is carried up level with the rim of the pan. There is also a hole, 
closed by a long-handled plug, in the lowest part of the pan. 

When the copper is boiling strongly the plug is withdrawn, and the 
wort which boils out of the central aperture falls mto the pan, and finds 
its way back at once through the plug-hole mto the copper. 

Towards the end of the boil, when the copper has steadied down, and 
it IS desired to have some fresh wort ready “ to save the copper ” directly 
the first wort is turned out, the plug is replaced and fresh wort pumped 
or run into the pan. 

We believe this to be by far the best arrangement for fire coppers of 
this specific t 3 q?e,the only precaution necessary bemg to see that the ])lug 
fits well, and that no gritty matter gets round it or the plug-hole before 
the unboiled wort is pumped into the pan. 

Size and Shape o£ Fize-coppeis. — ^In Burton, as a ruler, relatively small 
coppers (withm 100 barrels) find favour, on the ground that less coloration 
ensues than would if the depth of wort were greater ; m London, even for 
the largest plant, 360 barrels is considered a good working hmit of size, it 
being preferable to have several coppers of comparatively medium size, 
than half the number of very large ones, as then one can much more easily 
be spared for repairs. [However, a size capable of boihng 500 to (500 
barrels is not uiiknown.] 

The bottoms of fire-coppers are dished upwards termed the “ crown ” 
(m steam-coppers downwards referred to as the “ bowl ”), and the dia- 
meter m extreme instances where free evaporation is desired, may equal 
or even exceed the depth. 

Furnace and Flues (Fire-coppers). — Ab with boilers, there is a bridge 
at the back of the furnace, and this extends upward to wi thm a foot, more 
or less, of the copper-bottom. A flue, or flues, lined with firebrick, start 
from the combustion-chamber behuid it, and go as high as the part — 
“ the bench ” — ^where the copper widens out. 

On the flues, in relation to ihe furnace, and on the shape of the copper, 
the style of boil doubtless depends. As a rule, fire-coppers boil more from 
the centre, while steam-coppers boil from the sides (especially from that 
where the steam inlet is), but sometimes they boil from back to front. A 
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wdl-kno^m system of copper-settmg depends on having a copper with very 
broad base, and with su<^ coppers the boil will be central. 

Coppers boiled by Steam. — These consist of a hemispherical copper 
pan made all in one piece (say of inch metal for a 9 ft. pan), with a 
wrou^t or cast-iron jacket outside it, an average space of at least three 
inches, diminishing to one at top, being left between jacket and pan, and 
the steam space being, of course, made thoroughly tight at the junction. 
Wrought-iron plates for the jacket of a 9-ft. pan should be f inch thick, 
and it should be covered with some non-conducting composition. 

The sides of the copper — and in this case the act'ual depth should exceed 
the diameter * — are of less substance than the pan, but should be of a 
thickness averaging 7 lb. per square foot (No. 9, B. W. G-.), and the edge 
at the top will be turned over 3 inch angle iron to keep the copper from 
buckling. 

Wort is discharged through the centre of the bottom of the jacket, 
the delivery pipe passing through the steam space between it and the pan. 

The fittings comprise a steam-inlet valve, actuated by a long handle, 
carried up to the copper stage, the handle or bar being fitted on the top 
portion with a wheel, so that steam can be immediately turned ofi by 
the man watching the copper, on its threatening to boil over ; a safety- 
valve connected with the jacket to prevent undue pressure, and a cock 
in the upper part of the latter for escape of heated air, which, owing to 
the great expansive force of air when suddenly heated, is a necessary 
precaution. 

There must be a condensed water outlet pipe and steam trap, so that 
condensed water only may pass to the condensed water tank. Steam- 
inlets, though often single, may be multiphed, and it is recommended to 
have three or even four for a large copper. 

A mercurial reducing valve, designed to reduce the strain while 
retaimng the increased heat of high pressure in the boiler, may be added, 
but a lock-up dead-weight safety valve of large area is thought to be as 
efiectave at a much less cost 

Fountains and Cones. — These are both apphances arranged to prevent 
coppers in strong ebulhtion from boiling over, and to promote circulation 
of the boding wort, but as they are objectionable in more ways than one, 
they need not detain us long. Not only is there the danger, ^especially 
with fountains, if the upper pipe gets choked with hops, of their being 
forced bodily out of the copper by steam generated imdemeath, in which 
case a very serious accident might ensue, but there is the further drawback 
— stiU with fountains rather than cones — ^that the hops get so disintegrated 
as to be incapable of actmg as an efiective wort-filter in the hop-back. 

A sketch of a fountam may be seen in any Brewing organ ; cones, of 
the shape their name imphes, except that there is a relatively large 
opening (18 mches to 2 feet) at the apex, are suspended, counterpoised 
so that they can easdy be lowered or raised, within '^e boiling wort, which 
dashes through the opening at the top, and flows back throu^ the space 
(some two inches) between the lower edge of the cone and the sides of 
the copper. 

* Thf in CSiaptec Y. were made for steam-coppers having a depth greater 

tTia-Ti the diameter. With remtirdy shallower coppers evaporation would, of ooxizse, he 
more oonsideral^. 


0 0 2 
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The TJnderhaok and Hop-hack. — ^The size of the underback has been 
treated of in a previous chapter ; it should certainly have a coil, but a 
single tube (as being more easily cleaned) is preferable here to the three or 
four smaller tubes brazed into one flange, albeit the heating power of the 
latter arrangement is greater for the same quantity of steam. 

A circular form is more convenient for a small hop-back (oast iron, with 
gun metal, or phosphor-bronze, slotted false-bottom plates), but rect- 
angular vessels are preferable when large volumes of wort are dealt with, 
as they admit of the use of two spargers working simultaneously. There 
should be air-vents from under the false bottom ; with outlets at each of 
the four angles of the vessel. 

Wort Pimps were referred to earlier in the chapter. 

Coolers should be of iron or copper, the former of course being much 
the cheaper, and soon getting coated with an insoluble fllm of tannate of 
icon from the hops, which prevents any discoloration from the action of 
hop-tannm upon the metal. Unused iron coolers should be protected 
by a coating of whitewash. 

Atomising Plant. — ^The wort is dehvered on to the 
cooler (which may be fairly deep) in a more or less fine spray through a 
number of nozzles, a certain pressure being attained by appendages like 
ordinary safety-valves to each. These can be adjusted easily to any 
required pressure, and the fineness of the spray be increased therewith or 
diminished. Wires connected, one with each of the safety-valves, have 
their other ends brought on to a control board, easily accessible, where the 
adjustment is made. 

It is stated that a saving is eflected in refrigerating water by a sudden 
drop of 80° to 100° which occurs, and that this sudden fall of temperature 
causes a much freer precipitation. 

Aerator or Float Valve. — Consists of a pipe or copper tube open at 
the top and ribbed at the sides, upon which a copper device floats lightly 
on the surface of the wort m the coolers. The tube is just big enough to 
be inserted in the cooler outlet. On opening the outlet tap to the re- 
frigerator (whereby suction is begun), the wort from the cooler, bemg 
hi^er than the rd^gerator, will at once begin to syphon up the ribbed 
sides of the exterior of the tube or pipe, and then flow steadily down the 
inner tube and over the refrigerators. 

The idea is that the supply of liquid running down is always taken from 
the top, and that consequently the brightest and coolest wort is rim down. 
This simple and inexpensive adjunct serves its purpose admirably and can 
be obtained from any brewery engineer of repute. 

Refrigerators are of two classes, viz. (1) those in which the wort flows 
outside, exposed to view, and the water inside, and (2) those in which the 
wort flows inside the pipes and the water outside. 

Class 1 is subdivided into vertical, horizontal, and circular. 

Those where the wort flows outside are altogether preferable on the 
score of cleanliness, the vertical form being generally adopted where there 
is a sufSoient fall. In this shape Lawrence’s and the improved Baudelot 
are widdly used, the former being made of corrugated metal (the water 
passages inside follow the corrugations), while in the Bauddot the tubes 
are of oval section and each provided with tiny projections like the teeth 
of a fine saw, which secure the even distribution of the wort. 
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la another make (S. Briggs & Co.) the tubes are of seamless copper, and 
have each a rib or feather which fits into a groove in the tube below, and 
the surface is thus everywhere accessible and the strength great. The 
chance which this construction gives of removing a damaged tube is one 
advantage over that of Lawrence’s. 

3h no case ^ould there be any brazed joints, for the alternate ex- 
pansion and contraction occurring would be certain to ultimately set them 
leaking, and the waterways should be readily accessible (see hints on 
cleanliness, below) . Lawrence’s pattern is supported on trunnions, so that 
the whole refrigerator can be turned upside down, if found necessary, with 
comparative ease. 

£i all of these refrigerators the wort flows in one direction — ^viz., from 
top to bottom, while the water flows in the contrary direction, entering the 
refrigerator tubes at the bottom and making its exit at the top. In some 
vortical refrigerators, however, the water progresses upwards from side to 
side of the machine, instead of from bottom to top, i e , or in precisely the 
opposite direction to the flow of wort. [The water, after leaving the 
refrigerator, is sometimes carried into the hot-liquor backs for mashing 
next day. The plan — ^unless where water is scarce — is one of which the 
wisdom IS doubtful ] 

Of horizontal refrigerators the pattern put forth by Bridle of Bndport 
was the first resembhng those now used, but nowadays Morton’s, wdth 
great cooling surface, is the one most often seen Inaccessibility for 
cleaning, as compared with the verticals, is the drawback of this and other 
horizontals. 

Where space is limited, circular refrigerators are most effective One 
(by Shears & Co.), standing beside a Morton, did, within our know'ledge, 
over two-thirds of the work, though occupying certainly less than one- 
third of the ground-space taken up by its horizontal competitor 

The quantity of coohng water required is a consideration One of the 
authorities says that horizontals required at least twice as much as 
verticals. Verticals require two barrels, more or less (according to season), 
to cool down one barrel of wort. 

Cold producing (Ice) Machines. — ^Formerly introduced into a few large 
breweries, the advent of the chilling process has led to a much wider use 
of them. Those before the pubhc may be divided into : 

(1 ) Compressed-air machines. 

(2) Evaporation machines, divided into (a) those uith a compression 
pump ; ( p) those acting by absorption ; (y) vacuum machines 
(only domestic sizes successful). 

The construction of (1) depends on the fact that ordinary air com- 
pressed very strongly becomes enormously hot : for example, under a 
pressure of ^ lb. absolute the temperature is about 300° F. If, then, this 
is done in a strong cylinder and the heated air be afterwards cooled down 
while under the same pressure by cold water circulating throng a system 
of pipes within it, obviously (such a vast number of heat units having been 
withdrawn) upon allowing the compressed air to expand to its original 
bulk, an enormous fall of temperature will occur. Windhausen, u si ng a 
compression of t^ree atmo^heres only, got a temperature of 68° F. under 
zero I 

In these machines the piston has great resistance to overcome, and very 
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strong construction is needed, involving a higher first cost. This, and 
some complication in the working, owing to the absorption of water by the 
air, even when the same air is being used over and over again (the liquid 
having to be got rid of either as water or ico), have perhaps militated 
against the use of air machines in breweries. On the other hand, the air 
may be made to do work on expansion, if this takes place behind a piston 
in the expansion vessel (the usual plan being to cut off at one-third of the 
stroke), and this work, supplemented by the engine, used for compression 
again. In good machines the actual efficiency, allowing for losses, is about 
five-eighths of the theoretical. Where only moderately low temperatures 
are wanted, and these obtainable by direct discharge of cooled and 
expanded air, instead of employing it to cool brine circulating through it 
in pipes, surely some comparatively simple arrangement might bo 
designed for working by moderate power * 

The Evaporation machines depend upon the physical fact that many 
fluid bodies, on passing into the gaseous state, lock up heat, or render it 
latent. Alternate compression and expansion of the frigorofic agent, 
anhydrous ammonia or carbonic anhydride, is the means adopted, the 
cold, occurring upon the latter phase, being transferred by means of brine 
circulating in contact with the expansion pipes The gas, warmed by the 
contact, and further heated by work done by the compressor-pump, is 
forced into a compressor — ^which may consist of very strong steel pipes, 
arranged refngerator-wise, over which water flows — and when reduced 
below the temperature corresponding with its boiling point at any given 
pressure, is liquefied. Thus anhydrous ammonia has a boilmg-point of 
— 37° E ; obviously then its vapour could not be liquefied by ordinary 
water at atmospheric pressure , but a pressure of 150 lb per sq. inch corre- 
sponds with a raised boiling-point of 84° F , and on any reduction oi 
temperature below this, the pressure being still maintained, liquefaction 
begins agam. In other words work is done in compressing tho gas against 
its own pressure This energy is translated into heat, which raises tho 
temperature of the gas, the compression temperature amounting in some 
machmes to 180° or 220° F for an absolute pressure of 130 lb In Linde’s 
compressor this is avoided by conveyance of a minute portion of liquid 
ammonia mto the pump with the vapour at tho commonoomont of each 
stroke, which by its own vaporisation cools the pump down to a rofri- 
geratmg temperature, minimismg friction and influencing discharge of tho 
gas at but a little over the temperature of the condensing water, in lieu 
of the high one stated above In the Absorption Maohines advantage 
is taken of the readiness with which this gas is taken up by water to 
recover it when its effective cooling mfluenoe has been expended. From 
the aqueous solution the gas is driven off by steam and passes into a 
condenser coil downwards, outside of which condensing water flows 
upward. The ammoniated gas, passing through a series of traps in the 
coil for catching and ejecting watery particles, and accumulating beneath 
the lowest trap, liquefies by its own pressure- For reasons too many to 
state here, this method has not proved fully efficient, but it is now claimed 
that by addition of an extra vessd., called a rectifier, which enables the 
fluid to be enriohed by more prolonged contact with the gas than was 

* There is snoh. an arraagement, worked by water power, ddivering cooled air at a 
distance of nearly half a mile mto the workmgs of a Devonshire copper mine. 
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losaible bef we. an efficiency 30% beyond that of the compression machines 

a mechanical difficulty of the compression 
Si ’ the difficulty of making the piston gas-tight, will be avoided. 
The ammo^ used u not, of course, the liquid known as such, but the 
gas OT which the liquid is a solution only. Its obvious advantages are 
counterbalanced by the fact that it attacks copper and brass, wherefore 
these metals cannot be used for ammonia machines, where steel must be 
employed. Carbonic anhydride has not this drawback, a quaUty which 
first indicating its smtabihty for marine work, has led to its use in other 
installations. IVfachines worked with it are more compact, but the pro- 
portion of loss on expansion, owingto the respective lat^it and liquid heats 
of the two gases, is as 0*351 (for COa) * 0*110 (for ammonia). 


Of the V^mn Ice HEachme, devised by Raoul Pictet and unproved by Wmd 
hausen, much was hoped, an effective output of 12 tons daily havmg been seoored 
with one machine. The prmeiple is now only adopted for machines T»a.T»*T.g smaU 
(juantities of ice (Fleuss machine) It depended on the fact that water, when the 
]>rcssuTO upon it is reduced below the atmospheric, evaporates (and the nearer the 
reduction approaches an absolute vacuum, the more rapid is the evaporation), so 
that when ono-sixth of the bulk has been removed, the remaining five-sixths turn 
to 100 Sulphuno acid, through which the suction passes, absorbs the abstracted 
vapour, and with it the heat that the water loses. About 3 lb. of ice can be turned 
^^t foi each pound of sulphuno acid before the latter becomes too weak for further 
absorption. 


Fennenting Vessels or Gyle-tuns.— Reference here will be limited to 
skimming vessels, cleansing havmg been dealt with in Chapter I. 

Where a Collecting or Gathering Vessel (not shown on the plan of a 
7(l-quartcr brewery) is adopted, the wort mmt remain there for not less 
than twelve hours or till its gravity has been ascertained by an excise 
oiheer. 'Eho advantages of having one are (i) Umformity of gravity when 
lh(‘, contents arc divided amongst smaller vessels, (li) That, as samples 
an‘ only taken whilst the fermenting wort is in them, the contents of 
fermenting vessels are not interfered with by the excise officer, (m) The 
first dirty head (coagulated albuminous matter), and much sedimentary 
matter remain behind (iv) Aeration — but not invariably a benefit 

Fermentiig Vessels are generally of wood (slate has been tried, but is 
more sensitive to external temperature), viz , English or foreign oak, or 
Dantzio (yellow) fir. The timber should be well seasoned, i.e., free from 
sap as well as from shakes and knoh [The latter, if they exwt, must be 
bored out and the opemng plugged with sound wood ] Now, however, as 
mentioned, earlier in this work glass hned metal vessels, and aluminium 
vats aro now extensively adopted. 

The vessels are either round, oval, or square. The square shape is the 
more economical both of space and in other respects, as there need be no 
lost comers, and several can be constructed together with much saving of 
partition timber. The inside comers undoubtedly afford a harbour for 
dirt, and vessels constructed with rounded comers are now employed. 

In rounds and ovals the staves run upwards, say for twenty-four inches 
above the Mgli&st fifims point, to form yeast boarding ; this additional 
length being afterwards out away from a few of the staves to form a 
manhole and dipping place. A frame is fitted into the manhole, and this 
is closed, if necessary, by movable boards. 
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I think the best way of seasoning oah vessels is to fill them with cold 
water in which salt, at the rate of a pound per barrel, has boon dissolved, 
after one or two preliminary soakmgs, for a day or two each, with waste 
refrigerator liquor. 

For seasoning fermenting vessels of fir, Mr. Southby recommends the 
following course. First scald by filling with boiling water ; on the 
following day run the water out, and whitowasli with a mixture of 2| lb. 
of chlonde of lime m one gallon of water. This having remained on for 
24 hours, a second wash, mado of 1 part common hydrochloric acid 
(muriatic acid) to 4 parts water, is to bo applied. IVolvo or fourteen 
hours later the vessel is to be washed several times witli water at 2 1 2°, and 
finally with bisulphite of lime solution, which destroys any smell of 
chlorine. 

He also painted out that quicklime injures oak, by forming a soluble 
compound with its astringent juices, whence it becomes soft and porous. 
On the other hand, it does not injure resinous woods, as it forms an 
insoluble compound with their resins. 

The removal of the yeast by skimming is effected, generally, either 
through a paiadiate connected with a pipe penetrating the centre of the 
bottom of the tun, or through a sluice (Griffin & reai*co’H), a smoothly 
planed shde of metal working against smooth insulc edges of an iron frame, 
bolted on to the tun, the slide being raised or lowered by a rack and pimon 
on each side. 

Sluices are, as a rule, arranged to work into a slate yeast back on the 
same floor, but where floor space is more of an object than luMght, there jb 
no reason why the yeast should not be conveyed by a vertical shoot to tlio 
floor below. As data for the size of these ycast-receiving backs on tlx* 
floor of the fermenting room (of course the bottom of the F V. itself is 
really lower than this floor, the tun having boon lowered tlirougli a hok* cut 
therein, so as to rest on girders beneath), the following jiartx'ulais may 
serve. When two fermenting tuns work into the same slate back (“ yeast 
back ”), an allowance of two cubic feet, liberal meamire, jier barrc‘l of the 
fermentmg wort will probably always suffice, especially seeing that both 
tuns will not be workmg simultaneously. 

But with fairly strong worts, and whore the full content is fer- 
mented, that proportion wiU hardly suffice, unless precautions arc taken to 
keep the yeast-back on drain. Thus a yeast-back 10 ft. X 9 it X 3 ft. 
4 m. workmg out at 306 cubic feet, inside measure, is enough for a 11)0 
barrel round. 

Fermenting vessels up to 150 barrels can generally bo skimmed by 
hand, but above that size they require some form of iriAnhimicn.1 gMnunCT. 
For rounds a ski mm i n g-board revolving round a central rod, and capable 
of being raised and lowered as well as rotated from the outside of the tun, 
pushes the yeast before it into a trough, which extends (instead of a 
parachute) from the centre to the edge of the tun, provided like the 
parachute with a down pipe, going through the bottom of the tun. 

Squares may have a similar trough, extending along one of their sides, 
and into this a yeast-board, travelling on a wheeled framework, from end 
to end of the tun, pushes all the yeast. 

Attempffliators are made of tinned copper pipe, and are either fixed or 
movable, the latter not beiag adapted for tuns of large size, that of 80 
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P^P®’ should be oval in 

socljon, as Wiis ^vos more coolmg power than the round form, are made in 

lon^hs boM togothCT m such a way that the whole forms a continuous 
coil circling the tun about three times. The water inlet is at the 
part of the coil, the outlet at the lower, and here the pipe carried to the 
outside of tho tun and which is continued by a rising ^pe with a “ swan- 
noc^k oncl, should have a small draw-ojff cock for emptying the attem- 
porator, in case of severe frost occurrmg when the fermenting vessel is not 

J li i% C I « 


Movable attemporators arc suspended with chains and balance-weights 
and ai-e connected with the mams by india-rubber hose. The wholew^ght 

IS usually taken by a single wrought-iron cham, attached by a ring to 
which four short lengths of brass chain converge. The result is that if air 
gets I nto tho pipes tho attemperators sway about a good deal, arifl I cannot 
hut think that suspension by four vertical ohams (in connection with 
which a v(*ry simple arrangement for raising or lowering the attemperator 
might he made without counterpoise weights) would be preferable. 

A Rotary Pump for ronsmg, raising, when the handle is turned one 
way, a iiontimious stream of wort, or when the action is reversed, pumping 
air into tho fermenting wort, is a useful adjunct to the fermenting room. 

Casks are made of foreign (Memel) oak, as a rule. The timber should 
be fr<>e fiom worm-holes and sap. It comes to hand in lengths {balk or 
juggl(‘) of raiher over six feet, and of a thickness which admits of three 
stave l(‘ngt.hs being got. Foreign oak, being strai^ter in the gram than 
Knglish, admit.H of IxMiig split , English has to be sawn Moreover, the 
latl<‘r waqis wlnm steamecl 

Barrel staves are 31 inches in length , kilderkin staves 25 inches, and 
can* should Ik' taken to divide tho timber lengths so as to avoid waste. 

I’he pi(‘e<‘H of which the heads are made are joined together by dowel 
])inB (w'ooden pegs) and bevelled round, so as to fit into the croze grooves. 
The ehamferi'd edges (afterwards painted) form the chime 

'I’Ik' hoops of hogsheads and barrels are known as the end, bulge, and 
(juartcr hoo-jis respectively ; kilderkins (generally ’•’) and firkins only have 
end and bulge hoops 

(tasks are classed as stout, intermediate, or slight, according to the 
thi(fkn('.ss of the staves. The thickness of the heads and width of hoops 
also vary. 

Tho thickness of the staves runs as follows — 



Stout. 

Inter- 

mediate. 

Slight 


inches. 

inches. 

inch. 

Hogsheads 

it 

Jt 

1 

Jiarrols . 



1 

Kilderkins 

Ik 

li 

1 

J^kins . 

Ik 

li 

1 


Cooper’s Wages in 1926. 

33urton-on-Tront Journeymen Coopers. — Rates for En lar ging and 
Repairing Boer C!!asks. 

* Slight kilderkins, however, axe hooped with six hoopa, like bairds. 
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Enlarging Beer Cashs. 



Payment as 

Limit one stave or strip and one piece in each head. 

repairs for extra pieces. 



New timber 


Ordinary. Drawn joints. 

shaved out. 


s. d. s. 

d. 

s. d. 

Butts 

3 2 3 


— 

Hogsheads . . 

2 4 2 

4^ 

2 5 

Barrels 

2 0 2 

0^ 

2 1 

Kilderkins . . 

18 1 


1 9 

12 galls., and imder 

17 1 

n 

1 8 

Repairing. 

piece heading. 



First limit, one stave or one 




s. d. s. 

d 

s. d. 

Butts 

1 0| 1 

U 

— 

Hogsheads . . 

9| 

m 

10| 

Barrels 

n 

8 

Sh 

Kilderkins, and all imder. . 
Second limit, two heads. 


7 


s. d. s 

d. 

s. d. 

Butts 

2 U 2 


— 

Hogsheads 

1 7^ 1 


1 9^ 

Barrels 

1 3 1 

4 

1 5 

Kilderkins, and all under. . 

1 1 1 

2 

1 3 


For every stave that exceeds these limits the prices to ho as follows — 
Butts 4d., Hogdaeads 3d., Barrels 3^., Kilderkms and all under 2d 

Extra staves beyond limits required to he clean shaved to ho paid 
extra as follows • — ^Hogsheads and all under ^d, per stave. Drawn 
joints : — Hogsheads and all under Jd. per stave 

Renewals or alterations of hoops • — Butt end and bulge 1 ^d each. 
Hogsheads and all under, end and bulge Id each, all other ^d each. 

Grooving — ^Where casks require to he crozed and chimed beyond the 
new timber put in to be paid 2d per end extra or to be done daywork. 

Rivets in repairing '^d. each. 

An additional percentage, varying with the cost of living, to ho paid 
on above rates. Li Burton-on-Trent this, at present, is 821%. 

London, Eastern, Home and Southern Counties. 

The following piecework rates shall carry the percentage plusage 
increase as decided from time to time by the National Joint Industrial 
Council of the Cooperage Industry. 

Cobbling Brewers' Casks. 

Cobbling not exceeding two staves, one stave and one piece of heading 
or a repaired head, to be paid as follows : — 

s. d. 


Butts 13 

Puncheons . . . . . . . . . . 12 

Hogsheads . . . . . . . . . . 10 

Barrels and half-hogsheads . . . . 11 

Kilderkms and 12 gallons . . . . 10 

Firkins and all under 9 
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Elxceeding above, but not more than three staves, two staves 
head repaired, or both heads repaired, half the price of cobbling 
extra. 

SiXceeding above, but not more than five staves, three staves and one 
head repaired, one stave and both heads repaired, one stave and a made 
head or a made head and head repaired, double the price of oobbhng. 

If more than this is required, each extra piece shall be charged for 
according to following scale • — Butts and puncheons, 4d. ; Hogsheads, 
barrels and half-hogsheads, 3d ; Kilderkms and all under, 2d. 

A head requiring more than one, or a repaired head requiring to be 
ro-shapod, to count a made head. 

A made head to count three pieces. 

All made heads to be cut into proper shape. 

{Note . — ^The definition “ re-shaped ” to mean heads requiring catting 
m practically all round ; a head requiring only to be “ trimmed ” 
with the knife does not come under the term “ re-shaped.”) 

Ginger-beer casks to be allowed one extra piece all through, provided 
joints arc not levelled. 

Casks enlarged or reduced, the price of cobbling extra. Case staves 
to bo provided. 

Making own case staves, price of bending in extra, viz,, butts, pun- 
cheons and hogsheads, Is. each stave, barrels, half-hogsheads, kilderkins 
and 1 2 gallons, 8d each stave, all under 6d. each stave. This not to apply 
to now casks. 

For cleaning casks inside with hollowing kmfe or shave, the price and 
half of shaving out if not cobbled, if cobbled, shaving out price extra. 
This price to include unheadmg and heading up. 

Firing brewers’ stinking casks, the price of cobbhng to be paid. 

When fired and shaved, double the price of shaving. These prices do 
not include cobbling. 

Setting straight iron on butts and puncheons, 2d. each hoop extra, 
all under Id each hoop extra 

Setting extra wide iron or repaired casks to be paid extra 

Brand or scribe marks to be taken out. Id each and extra , if the 
heads are taken out for this purpose, the price of cobbhng. 

All casks given in to be cobbled without a suitable set of hoops, Id. per 
hoop extra to be paid from butts to kilderkins ; all under Jd. per hoop 
extra. 

Boring all holes, branding and bushing, to be paid day work. 

Mfl.kiTig bad joints sound to be paid as follows . — One or two joints as 
one piece, over two and up to four as two pieces, over four and up to six 
as three pieces, providing instructions are given to do the same. 

Special made casks requiring extra labour to be paid price and half of 
cobbling extra. 

Narrow case staves to he provided for similar made casks ; if cobbled 
with wide staves pa 3 rmeut to be made for staves taken out. 

All cobblers to be trimmed in ; failing which a basic of increase of 2d. 
per cask to be paid. 

All casks cobbled with American or English oak timber to be paid a 
basic increase of Jd. pOT piece. (Such payment not to apply when heading 
is dressed by machinery.) 
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[A case is a complete set oE staves bent into the form of a cade without 
heads.] 

Burton brewers pay coopers, daywork. Is. 7d. per hoip for a week 
of forty-seven hours (slightly lower rates may be arranged in exceptional 
oases, such as old men, of Is. 6d. or Is. 6d. per hour) ; brewery labourers, 
66s. per week for a week of forty-eight hours. 

To New Casks. — Bill them with very hot liquor and washing 

soda. Most of the colouring matter and woody flavour will be extracted 
in thirty-six hours. The casks should then be filled with water and 
“ spent hops.” Bill, however, for the first time, with black beer. 

Bor pronoxmeed “ stinkers ” there is supposed to be no cure, but the 
nl^InrirlA (rf hme whitewash treatment, succeeded by muriatic acid and 
bi-sulphite successively, each being driven in by steam, might certainly be 
tried, also permanganate of potash. 

Bor moderate oases a foreign journal suggested treatment with strong 
solution of bicarbonate of soda till it soaks into the pores. Then, after 
draining and rinsing, water acidulated with HCl is added, the evolved COa 
being supposed to drive out putrescent matter. The use of permanganate 
of potash has also met with some success. 

Cask-washing IMEachunes. — ^The simplest form of effective arrangement 
for cask-washing (apart from taking out the heads of and hand-scrubbing 
each cask) is to have a series of nozzles, through which, by duplicate cocks, 
either steam or boiling water can be ddivered. A modification is the 
Pontifex apparatus, where steam and water are admitted in a similar way, 
the water being boiled on its way, or within the cask. 

Other machines have been designed to give a thorough revolving 
motion in all directions to the cask, which is filled with boiling water, 
followed by steam and its sterilising influence on timber. 

This chapter having already reached an inordmate length, we must 
pass over other pieces of plant, amongst which arc yeast presses, yeast 
storage backs (less necessary if the slate yeast-backs described above are 
in a cool situation, and moderate fermenting heats the rule), and we will 
conclude with a few hints on general cleanhness and general arrangement 
(taking the latter first) which have not yet come within our purview. 

Modem machines are made by the majority of brewery engineers, and 
are doubtless well known to readers, through the medium of the trade 
papers and exhibits at the annual Brewers’ Exhibition. 

Supplementary Bmarks <m General Arrangement. — Waste pipes from 
any vessel used to contain wort or beer should never be directly connected 
with the drain, for two reasons. (1) The certainty of increased con- 
tamination by bacteria, and (2) the risk that, through a cook being left 
open inadvertently, loss of wort or beer might occur without being noticed. 

Wort mains (of tinned copper pipe in moderate lengths connected by 
unions) should have a fall of at least one inch in ten feet. 

Steam or water pipes may be of wrought or oast iron, but in either case 
the bends should be as easy as possible, avoiding sTiarp elbows. 

[K.B. — ^It is well to ^ecify that large cast-iron pipes should be cast in 
vertical moulds, as the thickness of the metal is more uniform, and it sets 
more compactly.] 

Hollow cast-iron columns, on account of their liability to vary in 
thickness in different parts (note the hint in brackets above), are less used 
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tliaxi formerly for supportLag great weiglits, th.e preference being given to 
a smaller solid shaft with four ribs or feathers. 

Steel girders are hghter and stronger than iron. 

Supplementary Remarks on Cleanliness. — All mains and wort pumps 
should be periodically charged with a strong potash solution, even though 
hot liquor be pumped through before each brewing. Hot hquor should be 
pumped through, and the nearer boiling the better, at the close of each 
day’s work- Steam is the best of all. 

The screens of malt-mills are apt, with neglect, to get clogged to some 
extent, and became, so far, ineffective. 

Liquor-backs should be emptied and cleaned every week, even when 
the liquor supply is pure. 

In the mash-tun grains are sometimes left adhering to the cogs of the 
rack, etc. ^STooden tuns sometimes have a rim, and beneath this is the 
neglected spot if any. 

Wooden hop-backs and coolers should be treated with bisulphite, or 
frequently whitened with monosulphite made into a thin cream. 

Refrigerators should neither be allowed to get coated with deposit 
outside, nor slime inside. -For the latter, a periodical (monthly) ohargmg 
with a solution of lime and washing soda mixed will sufB.oe ; for the 
former, except in the case of horizontals, which can be charged with potash 
solution, nothing but scrupulous brushing and plenty of water avails. 

Raclnng hose and the sampling taps (if any) and racking cocks of 
fermenting vessels require attention, and finally, do not grudge time or 
labour spent in whitewashing walls or keeping down the accumulation of 
cobwebs and fungoid growths in the less accessible parts of the brewery 
over coppers and coolers. 

This may seem a vain saying to many, but we hardly know yet what 
condition of things is so trivial as to be incapable of bringing about a 
serious result. 



APPENDIX A, 


T.TST OP T'g-m hop-growing PARISHES OP KENT, HERBPORDSHIRE, 

AND WORCESTERSHIRE. 

Lettena to slunr la what dlTisioa they lie, with nine Surrey pansbes ranking as West Kent. X! = Bast 
Sent ; M ai Mid Kient ; W = "West Kent ; B = Bastard Bast Kent ; H = The Hill ; Wd. m Weald , 
S = Saxxey ot parishes in black letters). 


Acoii 



B 

Addington 



M 

Adisbam . 



B 

Aldington 



B 

Alkham 



B 

AUington 



M 

A^ledore 



B 

B 

Asli . 



H 

Asbiord 



E 

AsbiiTst 



Wd. 

Aylesford . 



M 

BADIiXlSMBXtB 



B 

Barfreston 



B 

Barhfl^ 



B 

Barming 



M 

Bapcbild . 



B 

Bearsted . 



M 

Beckenbam 



H 

Bekesbourne 



B 

Benenden 



Wd. 

Betbersden 



B 

Bicknor 



B 

Bidborough 



Wd. 

Biddenden 



Wd 

Bilsington 



B 

Bircbington 



B 

Birobolt 



B 

Birlmg 



M 

Bisbopsbourne 



B 

Blean 



B 

Bobbing . 



B 

Bonmngton 



B 

Borden 



B 

Bougbton Alupb 


B 

Bougbton-under-Blean 

B 

Bougbton Malherbe 


B 

Bousbton Moncbelsea 

M 

Boxley 



M 

Brabourne 



B 

Brasted 



W 

Bredgar 



B 

Bredburst 



B 

Brencbley 



Wd. 

Bridge 



B 

Bromley • 



H 

Brook 



B 

Broomdeld 



M 

Burbam « 



M 


OANTX:BBX71l3r 


E 

Capel 


Wd 

Cbalk 


H 

Cballock . 


B 

Charing 


B 

Cbart-next- Sutton 


M 

Cbartp Great 


B 

Chart, Little 


B 

Cbartbam 


B 

Chatham . 


H 

Cbelsdeld 


H 

Cbevenmg 


W 

Cbiddingfitone • 


Wd. 

Cbilbam 


B 

Cbislet 


B 

Cbffe 


H 

Cobbam 


H 

Coobng 


H 

Cowden 


W 

Cranbrook 


Wd 

Crayford 


JH 

Cray, North 


H 

Cray, St- Mary . 
Cray, St- FauFs 

• 

H 

H 

Crowburst. 


S 

Crundale . 

, 

E 

Cudham 


H 

Cuxton 

. 

H 

X>ABX17T£E 


H 

Bavington 


B 

iDebtling 


M 

Benton 


B 

Bitton 


M 

Boddington 


B 

Bunkirk . 


B 

Bast Lakguok 


B 

Bastbng 


B 

Bastry 


B 

Bastwell . 


B 

Ebony 


B 

Bdenbndge 


W 

Bgerton 


E 

Blbam 


E 

Elmstead 


E 

Elmstone 


E 

Eltbam 


H 

Eynsford . 


H 

Eytborne 


E 

Ewell . • 


E 


Bablbioh (Bast) 

. M 

„ (West) 

. M 

Barnboi ough 

. 

. H 

Barningbam 

- 

. H 

Baversham 


. B 

Bawkbam 


. H 

Bordwicb 


. E 

Brmdsbuiy 


. H 

Bnnstead . 


. B 

Brittenden 

- 

. Wd. 

Gillingham 


. H 

Godmersbam 


. E 

Godstone 


S 

Goodnestone 

(i>y 


Fa vers bam) 


. E 

Goodnestone 

(by 


Wingham) 


. E 

Goudbuist 


. Wd. 

Gravener . 

• 

. B 

Hallow . 


. Wd. 

Hailing 

, 

. M 

Halstead . 

, 

. H 

Halstow (High) 

. H 

,, (Lowei) 

. B 

Ham 


. B 

Harbledown 


. B 

Hardres (Great) 

B 

,, (Lowei ) 

e B 

(Upper) 

. E 

Harz letsham 


B & M 

Hartley 


. H 

Hartlip 


. E 

Hastingleigb 


- E 

Hawkburst 


. Wd. 

Headcorn . 


. Wd. 

Herne 


. E 

Hernebill 


. E 

Hevor 


. Wd. 

High Halden 


. Wd. 

Higbam 


. H 

Hinxbill 


. E 

Hoatb 


. B 

HoUingbourne 


. M 

Hothfield 


. B 

Hoo 


. H 

Horsmonden 


. Wd, 

Horton Hirby 


. H 

Huoking . 


. B 

Hunton 


M 
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ICEHAM • 


. E 

Ifield 


. H 

Ightbam 


. M 

Ivychurch. 


. B 

Iwade 


. E 

Kemsino . 


. M 

Eenardington 


. B 

Kennington 


. E 

Kingsdown 


. E 

Kmgsdown 


. E 

Kmgsnorth 


. B 

Kingstone 


. E 

Knockholt 


. M 

Lambebhitbst* 


.Wd. 

Langley • 


. M 

Leaveland . 


. E 

Leeds 


. M 

Leigh 


. Wd. 

Lenham 


. E 

Leybourne 


. M 

Limpsfleld 


. S 

langfleld . 


S 

Linton 


. M 

Littlebourne 


. E 

Longdeld 


. H 

Loose 


. M 

Luddenham 


. E 

Luddesdown 


H 

Lullingstone 


H 

Luton 


M 

Lydden 


. E 

Lydsing , 


. M 

Lyminge 


E 

Lympne 


. E 

Lynsted . 


. E 

Maidstone 


.. M 

Mailing (East and 


West) . 

• 

. M 

Mai den 


. Wd. 

Meopham . 

. 

. H 

Meroworth 

. 

. M 

Mcisham . 


. E 


Milton (by Oaiitei- 
bury) • , . E 

Milton (by Witting- 
bourne) . . E 


Milton Chapel 


. E 

Milstead . 


. E 

Minster 


E 

Moldash . 


. E 

Mongeham 
Monk’s Horton 


. E 

. E 

Monkton . 


. E 

Marston . 


. E 

NAOKINaTON 


. E 

Nettlestead 


. M 

Newington 


. E 

Newenden. 


. Wd. 

Newnham 


. E 

Nonington 

Northfleet 


. E 


. H 

Noxthdown 


. E 
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Norton 


. E 

Nursted . 


. H 

Nutfield . 


S 

Opfham . 


. M 

Old Bionmey 


. B 

Orlestone 


. B 

Orpington 


. H 

Ospnnge . 


. E 

Otford 


. H 

Otham 


. M 

Otterden . 


. E 

Ozted 


S 

Pasdooe Wood 

.Wd. 

Patrixbourne 

• 

. E 

Peckham (East). 

. M 

„ (West) 

. M 

Pembury . 

• 

. Wd. 

Penshurst 


. Wd. 

Petham 


. E 

Plaxtol 


M 

Pluckley 


E 

Posthng . 


. B 

Preston-by-Faversham E 

Prest on-by- W ingham 

. E 

Rainkam 


. E 

Reculver . 


. E 

Ridley 


. H 

Rochester 


. H 

Rodmersham 


E 

Rolvenden 


. Wd. 

Ruckinge 


. B 

Ryarsh 

* 

. M 

Sandhurst 

• 

. Wd. 

San 6 


. E 

Seal 

• 

. W 

Seasalter . 


. E 

Selling 


E 

Sellinge 


. E 

Sevenoakb • 


. W 

Sevington 


. E 

Shadoxhurst 


. B 

Sheldwich 


. E 

Shepherdswell (Sibeits- 

would) . 


. E 

Shipbourne 


. M 

Sholden . 


. E 

Shoreham 


. H 

Shorne 


. H 

Sittingbourne 


. E 

Smarden • 


. B 

Smeeth 


. E 

Snodland 


. M 

Southborough 


.Wd. 

Southdeet 


. H 

Speldhurst 


. Wd. 

Stahsfield • 


. E 

Stanford 


. E 

Stansted 


. H 

Staple 


. E 

Staplehurst 


. Wd. 

St. Dunstan’s 


• E 

St. Lawrence 


. E 

• Part m Sussex. 
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St. Margaret’s . 
St. Margaret’s (at 

• 

H 

Cliffe) . 


E 

St. Mary’s. 


B 

St. Nicholas 


E 

St. Peter’s 


E 

St. Stephen’s 


E 

Stalling 


E 

Stockbury. 


E 

Stodmarsh 


E 

Stoke 


H 

Stone 


H 

Stone-by-Appledore . 

B 

Stone-by-Faversham • 

E 

Strood 


H 

Stourmouth 


E 

Stouting . 


E 

Sturry 


E 

Sundridge 


W 

Sutton (at Hone) 


H 

,, (by Dover) 
,, (East) . 

. 

E 


M 

,, (Town) . 


M 

Sutton Valence . 


M 

Swanscoxnbe 


H 

Swingdeld 


E 

Tandiidge 

m 

S 

Tatsdeld 


S 

Tenterden 

.Wd, 

Teston 

• 

M 

Teynham 


E 

Thannmgton 

• 

E 

Throwley 

m 

E 

Thurnham 

% 

M 

Tilmanstone 


E 

Titsey 


S 

Tong 


E 

Trosley 

• 

M 

Trotteisclifie 

• 

M 

Tudeley . 


Wd 

Tunbridge . 


Wd. 

Tunstall . 


E 

Uloombb 

E & M 

Underriver 


M 

Upchurch 


E 

Waldershare . 


E 

Waltham 


E 

Warden . 


E 

Warehorne 


B 

Watenngbury . 


M 

Westbere 


E 

Westerham 


W 

Westwell . 


E 

Whitstable 


E 

Wickham . 


E 

Willeshorough . 


W 

Wilmington 


H 

Wingham • 
Witchlmg 


E 

E 

Wittersham 


B 

Womenswould • 


E 

Woodchurch 


B 

WoodnesboTo’ . 


E 
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Wootton . 


. B 

Wormshill. 


. B 

Wouldham 


. M 

Wrotham . 


. M 

Wye. 


B 

Y.AL3>IKG . 

- 

. M 


ILiist of Parislies in tlie 
county of Heref ord» i n 
winch. Sops were returned 
on the 4th June, 1925. 

Wolferlow 

Cradley 

Svesbatch 

Aoton Beauchamp 

Avenbury 

Bishops Proome 

Felton 

Linten 

Little Cowarne 
Moreton Jeftries 
Much Cowarne 
Peacombe and Grendon 
Warren 

Stanford Bishop 
Stoke Lacey 
TTllineswick 
WhetD ourne 
Madley 
Sollershope 
Upton Bishop 
ITatton 
Birley 

Bridge Sollars 
Canon Pyon 
Uilwyn 
TCiTig^s Pyaaa 
Norton Canon 
Bodenham 
Uooklow 
Eye 

Coddington 


Sope under Xlmmore 

Ashperton 

Aylton 

Mathon 

Fastnor 

Number 

ICimbolton 

Leominster 

Little Hereford 

Middleton- on-Hill 

Monkland 

Newton 

Dole Pychard 

Bartestree and Donnington 

BurghiU 

Credenhill 

Marden 

Mordiford 

Moreton- on-Lugg 

Pipe of Lydo 

Preston Wynne 

Stoke Fdith 

Sutton 

Westhide 

Weston Beggard 

Withington 

Fggleton 

Stretton Grandison 

Farrington 

Woolhope 

Yarkhill 

Lugwardine 

Sedbury Bural 

Little Marcle 

Much Marcle 

Munsley 

Piadey 

Putley 

Bosbury 

Canon Frome 

Castle Frome 

Colwall 

Wellington PCeath 


List of Parishes in the 
county of Worcester in 
which Sops wore iioturned 
on the 4th June, 1925. 
Harrington 
Croome d’Abitot 
Shelsley Kings 
Shelsley Walsh 
Stanford 
Stockton 
Bransford 

Hackett 


Kempsey 

Powiok 

St. John in Bedwardine 
St. Peter’s Worcester 
North Hallow 
Norton J uicta Kempsey 
Fast Ham 

Newland (Gt. Malv^n) 

Abberley 

Clifton- on-Teme 

Shelsley Beauchamp 

Fladbury 

Wick 

Lmdridge 

Orleton 

Kiochford 

Tenbury 

Leigh 

Martley 

Alfrick 

Broadwas 

Boddenham 

Klnightwick 

Lulsley 

Suckley 

Cotheridge 

Gnarlford 

Madresheld 

Supplied by the courtesy 
of the Ministry of Agricul- 
ture, Jan. 12th, 1926. 


Broughton 
Grimle 


Holt 


ley 
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j$LSSicsA.Tio3!r, optical, 283 
Abortive mycelia, 273 
Acetic acid, determination, 195 

table, 196 

Achiro-destrixi, 2 
Ac]iroo-de 2 :±nzi, 239, 240 
Acid amides, 159 

Acidity, alkalinity and reaction 214 

— m beer, causes of, 330 
Acids, defined, 135 

— lupnlinic, 96 

— mineral, 136 

— organic, 136, 149 

— oxalic, solution, 209 

— salicylic, 339 

succinic, 150 

Acrospire, 7 

— growth, percentage of, 232 
Adsorption, 153 

Aeration, effect of extreme, 305 

in steep, 6 

Aerobic ferments, 305 
Air purifier, Heenan, 262 
Albumin, vegetable, 156 
Albuminoid haze, cause of, 158 
— • saturation point, 333 
Albuminoids, 154 

— Lieberkuhn's formula, 154 

saturation point, 333 

Albuminous matters in water, 183 
Albumoses, 158 
Alcoholmeter, improved, 196 
Alcohols, 138 

aldehydes, 141 

— by synthesis, 13S 

furfurane, 139 

furfurol, 139 

fusel oil, 138 

glycerine, 140 

iodoform, test for, 166 

Aldehydes, 141 

Ales, fining bitter or pale, 343 

Alumina cream, 169 

Amber malt, 254 

Amides, 3, 160 

Amido acids, 159 

Amylan, 57, 143 

Amylase, 268 

Amylo-cellulose, action of, 237 
Amylocoagulose, 266 
Amylo-dextrin, 239 
Amyloin theory, 2 

effect on malt analysis, 180 

Amyloins, 36 

— turbidity from, 336 
Asr.aXi'S'SXis 

albuminoids, 154 
barley, 157 


A^AZ.ysss — ctmtinfViJLed. 

barley proteins, 155 

— worts, 63 

fiaked maize and rice, 251 
high yeast, 304 
malt, 162, 185 
malts, typical, _162 
optical, 178 
water, 87, 88 

AXTAXiVSIS, 

constants for, 210 
gravimetric, 175 
indicators, 219 
standard solutions, 211 
volumetric, 175 
yeast, 322 
Anhydrides,'*'! 37 
Anions, 152 
Arsenic, 

Eleitmann^s test, 192 
m beer, detecting, 191 

— hops, 96 

— malt, detecting, 189 
Marsh test, 191 
Itemsch test, 192 

Artesian well, 77 
Ascospores, 274 
Asparagm, 160 
A.sj}€rg%lVua niger, 270 
Atoms, saturation of, 134 
Attemporator, 23 
Attenuation, 308 

— final, no 

— influence of cane sugar on, 309 
Atomicity, 132 

Auto -combination, 134 
Auto-fermentation, 297 
Auto-saturation, 134 
Avogadro’s hypothesis, 130 


Bacciuli, 

ctmylo^bacter^ 276 
jpCLTiiJicana^ 27 Q 
&u.ht%l%s^ 276 
‘uVna^ 276 

Baccillus viscosus, ropiness from, 338 

Backspear, 7 

Bacteria, 

acetic 276 
lactis, 275 

Tnycoderma acet*, 276 
staining, 276 
termo, 275 
an/liTvuTTV, 276 

Baker’s yeast, preparation of, 316 
Barfoed’s solution, 212 
403 
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ArPENDIX 


Wootton . 


B 

Wormshill. 


E 

Wouldham 


. M 

Wrotham . 


. M 

Wye. 


E 

Y‘AJL,I>INa . 

- 

. M 


Zjist of ParisIieB in th.& 
county of Hereford, i n 
winch. Hops were returned 
on the 4th June, 1926. 

Wolferlow 

Cradley 

Hvesbatch 

Acton Beauchamp 

Avenbury 

Bishops Proome 

Felton 

Linten 

Little Cowarne 
Moreton Jeftries 
Much Cowarne 
Peacombe and Grendon 
Warren 

Stanford Bishop 
Stoke Lacey 
XTllingawick 
Whetb ourne 
Madley 
Sollershope 
Upton Bishop 
Yatton 
Birley 

Bridge Sollars 
Canon Pyon 
Uilwyn 
TCiug^s Pyaaa 
Horton Canon 
Bodenham 
X>ooklow 
By© 

Coddington 


Hope under Ummore 

Ashperton 

Aylton 

Miathon 

Hastnor 

Humber 

Himbolton 

Leominster 

Little Hereford 

Hiddleton- on-Hill 

Monkland 

Hewton 

Oole Pyohard 

Bartestree and Uonnington 

BurghiH 

CzedenhiH 

Marden 

Mordiford 

Moreton- on-Lugg 

Pip© of Lydo 

Preston Wynn© 

Stoke Fdith 

Sutton 

Westhide 

Weston Beggard 

Withington 

Hggleton 

Stretton Grandison 

Farrington 

Woolhope 

Yarkhill 

Lugwardine 

Sedbury Bural 

Little Marcle 

Much Marcle 

Munsley 

Pixley 

Putley 

Bosbury 

Canon From© 

Castle Frome 
Colwall 

Wellmgton Heath 


List of Parishes in the 
county of Worcester in 
which Hops wore returned 
on the 4th June, 1925. 
Harrington 
Croome d’Abitot 
Shelsley Kings 
Shelsley Walsh 
Stanford 
Stockton 
Bransford 

Hackett 


Kempsey 

Powick 

St. John in Bedwardine 
St. Peter’s Worcester 
North Hallow 
Norton J uxta Kempsey 
Bast Ham 

Newland (Gt. Malv^n) 

Abberley 

Clifton- on-Teme 

Shelsley Beauchamp 

Fladbury 

Wick 

Lindridge 

Orleton 

Biochford 

Tenbury 

Leigh 

Hartley 

Alfrick 

Broadwas 

JDoddenham 

Knightwick 

Lulsley 

Suckley 

Cotheridge 

Gnarlford 

Madresheld 

Supplied by the courtesy 
of the Ministry of Agricul- 
ture, Jan. 12th, 1926. 


Broughton 
Grimle 


Holt 


ley 
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Ohalk» efieot on steep liquor, 49 

Chlorates, 137 

Chlorides, 137 

Cistern, 6 

Oladothris:, 277 

Clarke’s water softening process, 85 
Claussen’s l^rMmcmyc^i 329 
Cleanliness, importance of, 397 
CXiEAKsnro, 

Burton unions, 27 
long*piece swan necks, 26 
pontos, 30 

Yorkshire stone square system, 28 
Clostridia, 276 
— InUyricum, 276 
Co-enzymes, 266 
Comparator, biotec, 219 
Compound, defined, 130 
Conditioning factors, 36 
Contents of vessels, calculating, 124 
Cooper’s wages, 183 
Copper house working records, 108 
Coppers, closed v. open, 260 
Corpuscles, 153 
Cost of beer, calculating, 125 
Couch or couch-frame, 6 
Orenoihnx Kuhntana^ 276 
Crookford’s circulator, 17 
Crystal malt, 254 

Culture medium, Pasteur’s solution, 270 

Baulin’s solution, 271 

Curing, 5 
Cytase, 266 

Dsad mashes, 206 , 

Decomposition, double, 85 i 

Dextran, 144 

Dextiin, 1, 2 | 

rotatory power, 168 i 

testing malt for, 177 
varieties of, 238 
Dextnn-ratio, measuring, 236 
Dextrose, 101 

rotatory power, 168 
Diastase, 1 

equation for action on starch, 241 
mechanism of production, 59, 60 
of secretion, 266 
secretion of, in malt, 59 
translocation, 266 

Diastatic powers of malt, table of, 190 

D^usion, 271 

Disaccharides, 143 

Dissociation constant, 214 

Distilled water, effect on malto-dextrin, 82 

Dry-hopping, 99 

Drymg, 152 


EIiBOTBOKS, 152 
Elements, nascent, 152 
— properties of, 131 
Emulsion, 268 
Endotrypsin, 268 
Enzymes, 

amylolitic, 268 
coagulating, 268 


Enzymes — continued 
oytohydrolitio, 268 
fat-degrading, 268 
glucoside spotting, 268 
inverting, 268 
Oxidases, 268 
pectin, 268 
proteolytic, 60, 268 
reduct^es, 268 
sugar degrading, 268 
synthetic, 268 
yeast, 268 
Equations, 

acetic acid formation, 141 
alcohol by synthesis, 139 
buffer effect, 218 
butyric acid formation, 150 
cane sugar fermentation, 298 
defined, 131 

diastase-starch action, 241 
dissociation, 214 
double reaction, 85 
esther formation, 151 
ethyl alcohol, 141 
fermentation by-products, 298 
formation amygdalin, 148 
hydrolysis of brewing sugars, 102 
Osazone formation, 147 
starch transformation, 245 
Erythro-dextnn, 2, 239, 240 
Esters defined, 151 
Etherial salts, 151 
Ethers, compound, 151 
Evaporation process table, 193 
Excise charges, 123 


Fehlikg’s solution, lul, 174 

Fermentation, 

attemporator, 23 
attenuation, 303 
boiling, 22 
bottom, 30 
by-products, 298 
cleansing in loose pieces, 25 

— system, 21, 23 
defined, 268 
dropping rounds, 25 
fiery, 22, 313 
keepmg records, 109 
low yeast, 30 
normal, 22 
pitchmg the wort, 21 
rise and fall of head, 310 
secondary, 35 
sedimentary, 30 
BTr^Tnrmng pomt, 23 

— system, 21 
sluggish, 23, 311 
unoS:, 30 

Ferments, 268 

— concurrent action of acetic and lactiCj 

307 

— ropy, 337 

Fibrin^ 155 

Filter, Kiefer, 352 

— process, Meura’s, 251 
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rmmGS, 33 

acetic acid, 34 
action of, 340 
bitter and pale ale, 343 
copper, 347 , 

eftectire temperature for use of, 342 
Isinglass, 33 
methods of using, 343 
sulphuxio and taitaric acid, 34 
temperature effect, 342 
Fire-boiling t?. steam-boiling, 260 
Flaked maize in brewing, 249 
— malt, 260 

Flakes, composition of extract, 251 
Fleitmaim’s test for arsenic, 192 
FLOOBiiira, 6 
processes, 5 
progress, 9 
sprinkling, 9 
withering, 10 
Floors, mode of tummg, 7 
Forcing tray, 350 
FortM;i]nu9B!, 

boilirg down to required gravity, 122 
brewers’ pounds to specific gravity, 112 
calculating percentage composition 
from, 132 

chemical, from percentage composi- 
tion, 132 

constructional, 130 
contents of vessels, 124 
cost price calculation, 126 
degrees BaUmg to brewers* pounds, 
111 

— Beaum6 to specific gravity. 111 
empiric and structural, 130 
extract per cent., 123 
— per quarter, 122 
initial heat from striking heat, 114 
making up lengths, 120 
specific gravity to brewers’ pounds, 
112 

wort mixtures, 121 
Foxy smell, prevention of, 310 
Frettmg, 247 
Fructosazone, 147 
Fungi, 269 

- - creruo^nx Icnhmanm^ 276 

— modes of reproduction, 273 
Furfurane, 139 

Fuifurol, 139 
Fusel oil, 140 


Galaotan, 143 
Galaotosazone, 147 
Gallisin, 102 
Gathering square, 22 
Germination, 7 
Globubn, 166 
Glucacidase, 268 
Glucase, 268 
Glucose, 101 
— commercial, 106 

examination of, 176 

Glucosides, 147 
Glutamine, 160 


Glycerine, formation of, in fermentation, 
298 

Glycogen, 148 
Gonidia, 274 

Graham’s sugar inversion process, 105 

Granolithic flooring, 47 

Granulose, 145 

Grape sugar, 101 

Gravimetric analysis, 176 

Gravity, 100 

— boiling down for required, 122 

— Conversion rules. 111, 112 

— spoGific, definition of degieos of, 112 
Griffin sluices, 24 

Grists, porter, 253 
Gum of fermentation, 144 
Gyle tun, 21 

Gypsum, effect on malto-Doxtnn, 82 
yeast, 86 


Haudnbss, temporary and permanent, 78 

— testing water for, 78 

Haze in mash tun worts, 231 

Heenan air pmifior, 202 

Herrford, hop-growing parishes in, 400 

Hexoses, 142 

Hop-baok, 18 

Hop-resin, turbidity from, 332 
Hop-sickness, tuibidity from, 336 
Hors, 

Ameiican, 95 
Amos Early Bird, 92 
apportioning to copper, 1 17 
arsenic in, 96 
Belgian, 96 

Bennett’s Eaily Seedling, 02 
Bramling’s, 91 
Biitish Columbian, 96 
buying, 101 

calculating initial fiom striking, 114 

Canterbury White Bines, 02 

climatic conditions for growing, 02 

Cobb’s East Kent Golding, 92 

OolegatoB, 92 

constituents of, 96 

continental, 05 

Cooper’s White, 92 

cost of production, 93 

deterioration of, 100 

dry hopping, 99 

early sorts, 90 

extraction in copper wort, 98, 118 
Famhams, 91 

fertilisation experiments, 93 

French, 96 

Fuggles, 91 

Grapes, 92 

Henhams Jones, 92 

Hereford hop-growing parishes, 400 

Hobb’s Early, 92 

Kentish, high quality of, 89 

— hop-growing parishes, 398 

late vaneties, 90 

main crop sorts, 90 

Mercer’s Bodmersham, 92 

moisture test, 210 
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Hops — (xiiUinued 
North Kents, 90 
phlobathen on, 97 
planting, etc., 92 
Prohfics, 92 
qualities ot, 89, 94 

resins affected by drying temperature, 
100 

— m, 96 
Saaz, 95 
Spalt, 95 
storage of, 100 
sulphur tests, 209 
sulphured, 95 
tannins in, 97 
tests for quahty, 94 
types of English, 91 
West Kents, 90 
White’s Early, 92 
Worcester Mathon, 91 
working out at pounds per barrel, 118 
Hordein, 156 
Hot-grist mashing, 253 
Hydrocarbons, 13^7 

Hydrochloric acid, relation of pH values 
to strength, 216 
Hydrogen, estimation of, 155 
Hydrogen-Ion concentration, 213 

and mashing process, 221 

Hydrolysis of sugars, equation of, 102 
Hydrolysts, 267 
Hypha, 271 

HyphomyceteSf 275, 277 


Indioatoks, 

applicable to browing operations, 220 
brom chlor phenol blue, 219 
— cresol green, 219 
purple, 219 

— phenol blue, 219 
red, 219 

— thymol blue, 219 
chlor phenol red, 219 
crosol phthalein, 219 

— red, 219 
methyl red, 219 
phenol phthalein, 219 

— red, 219 

practical application, 221 
thymol blue, 219 

Indigo test for nitrates and nitrites, 165 
Infusion process, fining, 33 

raokmg, 33 

Invert sugar, 101 

rotatory power, 168 

Invertase, 268 
Invertin, 268 

Inverting process for cane sugar, 105 
lodme test for starch, 164^ 

Iodoform test for alcohol in water, 166 
lomc dissociation, 152 

— theory, 214 

Iron, effe^ on malto-dextrins, 84 

— in water, test for, 166 
Isinglass, quahties of, 33 
Isomaltosazone, 147 


Isomaltose, 102, 147 
Isomerism, 135 

Kaintt, effect on malto-deztrms, 83 
Kahum meta-sulphite, 339 
Elatabolism, 314 
Kations, 152 

Kentish hop-growing parishes, 398 
Kiefer filter, 352 
Kiln, 12 

Kilning processes, 5 
Kilns 

and kiln drying, 50 
area of drying surface, 51 
baffle plate, 52 
construction of, 51 
dispersers, 65 
dissipators, 55 
double, 14 

— managing, 54 

Free’s ventfiating system, 53 
furnace, 52 
Hedicke’s twin, 52 
King’s automatic regulator, 54 
Stope’s, managing, 54 
ventilation of, 51, 52 
— Free’s svstem, 63 
Kjeldhal’s method. 164 
Kreising or worting, 264 
Krith, defined, 133 

Laboratory equipment, 170 
• — preparation of apparatus, 173 
Lactacidase, 268 
Lactase, 268 

Last’s patent ventilators, 51 
LejptathriXj 276 
Leucine, 140 

Levulose, rotatory power of, 168 
Limited decoction process, 247 
Lintner’s diastatio activity test, 18S 
Lipase, 268 
Liquor, preparing, 15 
Litmus solution, 211 
Loss, recording percentage, 107 
Lovibond’s tintometer for malt testing, 186 
Maize, fiaked, determination of extract in, 
198 

in brewing, 249 

— percentage of starch in, 238 
Making up lengths, 120 
Malt, 

acidity and mineral matter, 6 i 

— test, 181 
amber, 254 

arsenic detection in, 189 
black, 255 

brown or blown, 264 
constituents of, 65 
crystal, 264 

detection of arsenic in, 189 
dextrin test, 177 
diastatio activity test, 188 

— powers, table of, 190 

effect of mashing temperature, 63 
extract and tint test, 187 
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Malt — contimteA 

extract, mam function of, 230 

— per cent , 123 

— per quarter, 122 

— use of prepared, 229 
flaked, 250 

foreign, functions of, 233 
gums of, 143 

Eeaping-up after curing, 55 

lU-vegetated, dealmg with, 220 

judging good, 65 

kiln control, 10 

maltose test, 177 

new, employment of, 236 

patent, 255 

— substitute for, 256 
proteolytic enzymes in, 60 
re-drying, 66 
re-tomf^g, 66 
roasted, 255 

slack, 236 
sugars of, 56 

testing for maltose and dextrin, 177 
typical analysis of, 162 
working out extract per quarter, 122 
Maltase, 1, 268 
Malt-house floors, 47 

— situation of, 47 

— space required, 17 
Maltme of Dubrunfant, 3 
Malting, 

oj^ase theory, 56 
economics of, 67 
facts, 55 
pneumatic, 67 
practical aspects of, 4 
process, 6 

processes, table of, 400 
register, 8 
routine, 47 

temperature control, 10 
Malto-Dextrm, 1, 36 

calcic chlonde, effect on, 82 
carbonates, effect on, 83 
distilled water, effect on, 82 
factors affecting, 246 
formula for, 2^ 
gypsum, effect on, 82 
hydrolysis by secondary yeast, 245 
iron, effect on, 84 
isolation of, 244 
Kaimt, effect on, 83 
sulphates, effect on, 83 
theory, 2, 242 
various s^ts, effect on, 82 
Maltosazones, 147 
Maltose, 1, 241 

proportion in unmalted barley, 57 
rotatory power, 168 
testmg malt for, 177 
Mannite, turbidity from, 387 
Marsh test for arsemc, 191 
Mash tun calculation, 223 

working, general principles, 227 

modem, 222 

sparging temperature, 224 

Worts, haze m, 231 


Mashes, dead, 256 
Mashing, 

attenuation, 16 

circulating, 17 

cooling, 18 

decoction. 10 

DicJcmaische^ 10 

hop back, 18 

hot grist, 253 

infusion, 15-10. 

initial heat, 16 

Ijmitermmsche^ 20 

hmited-decociion, 15, 10, 2 L 

Ma%8ch^Kt88el^ 10 

making-up, 18 

Ohmteig^ 21 

piece liquor, 16 

process and hydrogen-ion conooutia- 
tion, 221 
rest period, 16 
sparging, 17 
systems, 15 
undeilet, 16 
wort circulators, 16 
Maturation of bailey, 3 
Metabolism, 314 
Metric system, 171 
Meura^s filter process, 251 
M%crococcu8 275 

Microscope, 283 

Millon’s reagent for protein, 16(5 
Mmeral matter, turbidity fiom, 3‘iO 
Moisture determination, 210, 212 
Molecular weight, 130 
Monosaccharides, 143 
Moulds, 

Aspergillus glaucus^ 278 
— Niger ^ 278 
— Oryzae^ 270 
Boirytis cinerea, 270 
Deniatium pullulanSj 270 
Eurotium aiyzae^ 270 
Fumago salicvnu, 270 
Fusarium hordei, 270 
growth m wort, 308 
Momlia Candida, 279 
Mucor erectus, 270 

— mucedOf 278 

— mdium lactis, 270 

— racemosiLs, 278 

— stolonifer, 270 
paiasitic, 279 
Pemcillmm glcmcum, 277 
8phoerotheca castagnei, 270 
Tilleiia caries^ 270 
Vshlago carbo, 279 

Mucedm, 155 
Mucilages, 144 
Mycelia, abortive, 273 
Mycelium, 272 
Myosin, 268 
Myrosin, 268 


jy.BoniES, differentiation of, 161 
Kessler’s solution, 211 
Keutrality, 215 
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JNitrates, 137 

— qualitative test, 166 
Nitrites, 137 

— qualitative test, 166 
Nitrogen, 163 

bodies, 154 
determination of, 164 
estimation by soda-lime process, 186 
percentage m wort, 62 
qualitative tests, 164 
Nitrogenous bodies, coagulable, 162 

differentiation of, 161 

soluble, 162 

OOOIDASES, 268 
Oenoxidase, 268 
Optical activity, 166 
Osazones, 100, 147 
Osborne’s determinations, 166 
- Osmosis, 163, 271 
Oxidation, 142 
Oxides, defined, 135 

Oxygen, importance in cell reproduction, 
314 


Papain, 268 
Parti-gyle, 22 
Pasteur’s solution, 270 
Peotio action, table of, 159 
Pectinase, 268 
Pemcillium glaucum, 277 
Pentoses, 142 
Pepsin, 268 
Peptase, 2, 268 

— in germinated malt, 60 
Peptone, 168 

— biuret reaction, 166 
Peptonisation temperature, most favour- 
able, 63 

Percentage composition, obtaining formula 
from, 132 

Permanganate water test, 74 
Peroxidase, 268 

pH values, determination of, 218 
table of, 216 

Phenol-sulphuric acid test for water, 166 
Philothion, 266 
Phlobaphen in hops, 97 
Phosphates, formation of primary, 65 
Pitching sample, detection of wild yeast m, 

— yeast, 22 

selection from microscopic test, 303 

Pitting in barley malt, 69 
Plant 

aerator, 388 
barley dresser, 44 
belting, 370 

backs, hot and cold liquor, 380 
barley screens, 380 
bins, 361 

boiler scale remedies, 376 
boilers, 371 

bottling machines, 346 
cask hoist, 362 
— washing machine, 396 


Plant — continued 
casks, 393 
check valves, 362 
circulators, 17 
CO 2 collecting bell, 353 

— compressing and storing, 364 
coolers, 388 

coppers, 385 

descending platform, 362 
dropping squares, 25 
elevator, 383 
fermenting vessels, 391 
filter, 352 
fioat valve, 388 
fountain and cones, 387 
gearing, 368 

gravitation principle, 360 
grist hoppers, 383 
gyle-tuns, 391 

Hanford-Stanford atomiser, 388 
hayloft’s, siting of, 360 
Heenan air pumer, 263 
hoists, 379 
Kiefer filter, 352 
kilns, 12, 51 

King’s automatic regulators, 54 
laboratory arrangements, 362 

— equipment, 170 
malt mills, 361, 381, 382 

— retomfier, 66, 262 

— screen, 379, 380 
mashers and mash tuns, 384 
pipmg, 361 

pumps, 366 
refrigerators, 388 
shaft couph^s, 367 
shafting, 366 
spargers, 385 
stacking apparatus, 362 
steam engine, 378 
ventilators, 51 
yeast separator, 29 
well, 364 

Pleomorphic craze, 275 
Pleomorphy, 274 
Plumula, 7 
Polarimeter, 166 
Polymorphism, 274 
Polysaccharides, 143 
Porter gnats, 253 

Potatoes, percentage of starch in, 238 
Preservatives, 339 

— bisulphite of lime, 340 
Priming, 37 

Proteins, MiUon’s reagent, 166 
Proteolysed bodies, 168 
Proteolysis m malt, 60 

— products, 3 
Protoplasm, 271 
P^alho, 266 

Quantivalenoe, 132 

Kaoked bright beers, 36 
Backing, 33 

Badicals, compound, 136 
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Baffinase, 268 
Baiilin*s solution, 270 
Bsagents, 

alumina cream, 169 
ammonia solution, 211 
Barfoed’s solution, 212 
Fehling’s solution, 101, 174 
Litmus solution, 211 
MiUon’s, 166 
Kessler’s solution, 211 
nitrate of silver, !^1, 211 
oxalic acid solution, 209 
permanganate solution, 209 
potash, 211 
Schweizer’s, 149 
silver nitrate, 201, 211 
soap solution, standard, 205, 211 
starch solution, soluble, 188 
Beduction, 142 
Bemsch test for arsenic, 192 
Bennase, 268 
Bennin, 268 

Bice, percentage of starch in, 238 
Bopiness, 337 

— baadluE vtscostes, 338 

— predisposing causes, 337 
Bopy ferment, 337 
Boss-Mackenzie malting register, 8 


Sacohabaks, 143 
Saccharens, 143 
Saochanns, 144 
Saccharometer table, 111 
Saocharometry, 110 
Saccharomycetes, 275, 279 
aTWTnaZus, 281 
apicnkUiis^ 280 
ceremsice^ 35, 279, 322 
coagulatus^ 280 
coTiglommUua, 280 
elhpsoideita, 36, 280, 322 

— turbidity from, 330, 332 
elhpticua, 280 

eziguw (Bees), 280 

— turbidity from, 332 
ludwig%%^ 281 
marxianus^ 281 
minor (Engel), 280 
mycoderma^ 280 
pastorianus^ 36, 279, 322 

— arboreocens, 281 

— turbidity from, 332 
pombe^ 281 
thermarU^donum^ 329 

Saccharons, 144 
Saccharose, 101, 144 
Salicylic acid, 339 
Salts, defined, 135 
Saprophytic moulds, 277 
Saturation of atoms, 134 

— pomt of albummoids, 333 
SoMzomyceiea^ 275 

— coccus, 275 
SiAtao-sacc^romycdiBS, 281 
Schweitzer’s reagent, 149 


Semi-stock beers, storage of, 34 
Silica m brewing water, 81 
Silver nitrate, stendard solution, 207 
Skimming parachutes, 24 
Soap solution, standard, 205, 211 
Soda, effect on malto-dextrins, 83 
Soda-lime method, accuracy of, 188 

mtrogen determination, 164 

Sodium hydroxide, relation of pH values 
to strength of, 216 
Sparging, 17, 256 

— temperatures, 224 
Spihng, 344 
Bpinlla, 277 

Spint indication table, 194 
Sporophore, 274 
Staining baciUi, 276 

Standardisation of brewery pioduce, 261 
Starbright ale, 36 
Starch, 145, 237 

— artificial, 146 

~ granules, microscopic appearance of, 
238 

— iodine test, 164 

— solution, soluble, 188 
Steam-boiling v. Fire-boiling, 260 
Steapsin, 268 

Steep, aeration in, 6 

Sterigmata, 274 

Stock maintenance, 113 

Stope’s kilns, 14 

Storage of semi-stock beers, 34 

— temperature, 344 
Stormg, 33 

Stout grists, 253 

— vattmg, 38 
Streptococcus^ 275 
Succinic acid, 150 

formation of, in fei mentation, 298 

Sucrose, 101 
Sugars, 

a, p glucosides, 147 
a, jj, 7 modification, 147 
beetroot, 102 

calculating extract yield, 112 
cane sugar, 101, 102 
— ' — inverting process, 106 
dextrose, 101 
glucose, 101 
— commercial, 106 
grape-sugar, 101 
hydrolysis equation, 102 
impurities in raw, 103 
invert, 101 
maltose, 101 
maple, 102 
saccharose, 101 
sucrose, 101 
unfermentable, 148 
weight as extract, 112 
Sulphates, 137 

— effect on malto-dextrins, 83 
Sulphides, 137 

Sulphites, 137 

Sulphur, testing hops for, 209 
Synthesis of alcohol, 138 
Swan necks, 26 
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Taea-diastasb, 268 
Tannase, 268 
Tannin in hops, 97 
The lomo theoiy, 214 
Tintometer, 187 
Tit-corks, 345 

Titration test for diastatio activity, 189 
Translocation diastase, 268 
Trisaccharides, 143 
Trypsin, 268 
Tryptax, 268 

— in germinated malt, 60 
Tryptic action, table of, 159 

Turbidity, albuminoid, 334 | 

— bacterial, 332 

— hop-resin, 334 

— hop-sickness, 335 

— mmeral matter, 336 

— nitrogeneous, 332 

— of beer, 330 

Undeubaok, 257 
Underletting, 16 

Valency, 132, 

Vatted beers, 37 
Vatting stout, 38 
Volumetric analysis, 175 

Waceh, Coopeis’ rates, 393 
Water, 

albuminous test, 183 
analyses, 87 
analysis, 199 

— accurate btatornonts important, 75 

— ammonia, lice, and albuminoid, 

206 

piocess, 72 

— bicaibonates, 80 

— oarbon-nitiogen latio, 71 
organic, 71 

— carbonates of soda and potash, 204 

— chlorines, 70, 201 

— constants, 210 

— Forchammer process, 208 
— Hansen’s test, 320 to 326 
— Hardness, 75, 78, 205 
— Heisch test, 75 

— magnesia, 201 

— nitrates and nitntes, 72, 199 

— nitrogen as ammonia, 71 
inorganic, 72 

organic, 71 

— organic matter, 69 

— oxygen process, 208 

— permanganate process, 73, 74 

— phosphoric acid, 75 

— soap test, 205, 211 

— soluble solids, 202 

— standard solutions, 211 

— sugar test, 75 

— tabulatmg results, 69, 203 
Brewing, 68 
Burtonising, 84 
chlorides, 82 

darifj^g, 169 


Wateb — continued 

colour and smell test, 86 
Condy’s Muid test, 86 
decolourising, 169 
hardness, calculating, 78 
— permanent, 80 
Inmgo test for nitrates, 165 
iron test, 166 
natural purification, 77 
nitnte and nitrate test, 165 
organic matter test, 86, 166 
phenol-sulphuric acid test, 165 
pollution, evidences of, 73, 75 
pure, defimtion of, 68 
purity of, analytical data, 74 
qualitative test, 86 
softemng, Clarke’s process, 85 
sulphates, value of, in, 79 
supply, sources of, 76 
Wheat, starch content, 238 
Whisky, ageing of, 37 
Wild-yeasts, 330 
Withering, 10 

Wittemann re-saturating process, 362 
Worcester hop-growing parishes, 400 
Wort, 

boiling, 258 

dry and solid extract, 122 
effect of hops in, 309 
growth of moulds in, 308 
hot aeration, 260 
increasing body and head, 312 
Minnesota barley, analysis of, 63 
Montana bailey, analysis of, 63 
stowing in under-back, 258 
Worting or kreismg, 264 
Woit-runnmg, speed of, 225 
Worts, working out proportion of, 120 

Yeast-bitten beers, 339 
Yeasts, 

acospores, 35 

analysis, synoptic table, 322 
baker’s, preparation of, 316 
caseous, 280 
cell increase, 314 
table, 314 

microscopic appearance of, 302 

commercial, Jorgensen on, 329 
— Van Laer on, 329 
culture, Australian experiments, 328 
— Hnglish experiments, 326, 328 

— from a single cell, 324 
defective, 330 
differentiation, 321 

effect of extreme aeration on, 305 
— Q 3 ^siim on, 85 
foods, prepared, 312 
French experiments with pure cul- 
tures, 325 
Frohberg,282 
Hansen’s researches, 35, 319 
high and low, 300 

— analysis of, 304 
history of commercial, 291 
isolating, 320 
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Ysasxs — eoffdinwd 
Logos» 282 

microscopic examination, 297 
mineral constituents of, 305 
nutrients, 312 
Pasteur’s investigation, 318 
pellicle formation, 324 
pressing, 30 

ure, methods of obtaining, 318 
aaz, 282 

SojccJuaromyoeE cerevisas, 35 

— dlipsoidms II., 36 

— padorumua II., 36 
secondary, 35 

— hydrohsed by malto-dextrins, 245 


Yeasts — corUinued 
selective, 281 

separator, atmospherio, 29 
separation by centrifuge, 31 
— Nageli’s dilation method, 320 
— Pasteur’s gelatine plate method, 
320 

surplus, disposal of, 316 
wild, 36 

See aUo Saccharomyeeies 
Yorkshire stone square system, 28 

Zooglosa^ 275 
Zymase, 1, 267, 268, 296 
Zygospore, 274 
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Lactic Acid; Water Hardening requisites and Water, 
Softening materials. 

Dukeron — the Enamel for wood, iron and stone — a 
perfect cask lining ; Formoxil — the brewery Disin- 
fectant; N.D.B. — the reliable Copper Finings; Amido- 
form — the yeast food. 

Superol — the preservative solution for wood and 
cement ; Potassium metabisulphite ; Brewery Paints, 
Disinfectants and Detergents. 

Our SCIENTIFIC DEPARTMENTS undertake 

Occasional analyses of raw materials and finished 
products. Periodical and Technical Supervision and 
the investigation of abnormal results. Biological 
examination of air, water, yeast and beers. Scientific 
control of Malting, Brewing, Distilling, Vinegar and 
Cider making. Expert advice on insect and fungus 
pests of Hops, Cereals, Timber, Premises, etc. 
Readers of this volume are invited to apply for a 
copy of our publication — ^the Bulletin of the Bureau 
of Bio-Technology.” 

Our TECHNICAL EQUIPMENT includes an Experi- 
mental Brewing Plant operated by a Diploma Member of 
the Institute of Brewing. 

SeTid us your enquiries for daily requirements and 
consult us in technical difficulties. 

We offer the resislts of 40 years* experience in. the Brewing Industry. 
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George Porteus & Sons (Leeds), Ltd. 


SPECIALISTS. PATENTEES AND 
MANUFACTURERS OF HIGH- 
GRADE BREWING. MALTING. 
AND DISTILLING PLANT. 


LEEDS BRIDGE WORKS. LEEDS. ENGLAND. 

Telephone : 20529 and 20520. Telegrams : Elevator, Leeds. 

Codes : Marconi International. 
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